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Atmospheric Transmission of Laser

Radiation: Computer Code LASER

1. INTRODUCTION

Several years ago, the development of lasers as sources of coherent, mono-
chromatic radiation led to the need for understanding the propagation character-
istics of the atmosphere at high spectral resolution. Fortunately, a wealth of
basic experimental and theoretical work existed in the scientific literature and was
already in the process of being compiled to form a data base1 essential to the
development of atmospheric transmission models pertinent to laser propagation.
This data compilation is essential to address the problem of molecular absorption
by discreate absorption lines of atmospheric molecules. Absorption line widths of
such atmospheric molecules are typically of the order of 0.1 cm™ ! at one atmos-
phere pregsure, and decrease with pressure. Thus, a computational spectral
resolution of better than 0. 1 em ! is required.

Although discrete absorption lines form the most highly f{requency-dependent
portion of the atmospheric cxtinction coefficient, it is necegsary, in addition, to
consider extingction due to scattering by the molecules composing the atmosphere
and extinction due to both gcatiering and absorption by aerosols (particulates) in

(Received for publication 31 January 1978)

1. McClatchey, R.A., Benedict, W.S,, Clough, S.A. et al. (1974) AFCRL Atmos-
pheric Absorption Line Parameters Compilation, AFCRL-TR-73-0096,
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the atmosphere. Thesc four extinction coefficients add to form the total extinction

cocfficient as indicated in Eq. (1)
y=rk +uv +k +to (1)
m a a

where km' °m kﬂ, v, are extinction coefficients due to moleccular absorption,
meolecular scattering, aerosol absorption, and aerosol scattering, respectively.
With the exception of moleccular absorption, the remaining extinction mechanisms
all result in rather slowly varying functions of frequency and so can be dealt with
somewhat differently from the molecular absorption effects.

; 2,3,4
A series of reports !

was published in an effort to provide the extinction
cocfficients expressed in Eq. (1) for a number of different atmospheric paths and
for a large number of different laser emission lines. In addition o providing
specific extinction coefficient information, high resolution spectra were published
covering the entire spectral region from 0,76 to 31.25 um, o using a version of

the AFGL HITRAN computer code. This combination of extinction coefficients

for specific atmospheric models and high resolution spectra has gone a long way
to provide the systems analyst with some idea of the atmospheric extinction cffects
on any laser system in this gpectral region.

However, there still appears to be &« need for the user of this material to be
able to consider laser frequencies othexr than those gpecific ones for which results
were published and to consider alternative atmospheric models. The ability to
interpolate within and to extrapolate beyond the published results is admittedly
difficult and in some cases not very accurate. Therefore, we are using this report
as a means of making available a computer code which can be used to generate
extinction coefficients for the propagation of laser radiaticn through the atmos-
phere. As a result of modifications to all elements (except moleculav scattering)
of the extinction coefficients, we are providing a limited number of revised extinc-
tion charts for some of the same laser lines previously published. In view of the
high interest in the propagation through the atmosphere of several laser systems,
we are publishing revised high resolution spectra in the regions from 3.3 to
4.2 yum, 4.6 10 5.3 ym, and 7.1 to 13.5 um. We have made every efiort to

2. McClatchey, R.A. (1970) Atmospheric Attenuation of CO laser Radiation,
AFCRI.-71-0370, I"RP 3509.

3. McClatchey, R.A., and Selby, J.E.A. (1972a) Atmospheric Attenuation of
HF and DF Laser Radiation, AFCRL-72-0312, ERP 400. -

4. MecClatchey, R.A., and Selby, J.E.A. (1972b) Atmospheric Transmirtance,
7-30 um: Attenuation of CO, Laser Radiation, EFCEE—'?Z—OGIL ERP 4709,

5. McClatchey, R.A., and Setby, J.E.A. (1974) Atmospheric Attenuation of
Laser Radiation from 0, 7€ to 31.25 ym, AFCRL-TR-74-0003, ERP %60.
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simplify and document the computer code, LASER, contained in Appendix A, This
code is a special version of our A¥GL HI'TRAN code specifically applicable to

monochromatic, laser extinction coefficient calculations.

2. MOLECULAR EXTINCTION

As indicated in the foregoing section, the process of molecular absorption by
discrete absorption lines produces absorption coefficients that vary rapidly with
frequency. In addition to this process, there are absorption processcs that give
rise to more smoothly varying absorption coefficients. Some examples arc the
"coniinuum" absorption by water vapor of particular significance in the atmos-
pheric "windows' between 3 and § um and also between 8 and 14 um. We also
have a slowly varying absorption caused by the nitrogen molecule (N,)) between
about 3 and 4 um. Let us indicate the form of the molecular scatte;ing (Rayleigh)
function usecd in ouvr calculations, before considering these absorption cffe<ts. The
extinction coefficient due to molecular scattering is given by Eq. (2) where p and
T are the pressure (mb) and temperature (k) of the atmospherie path and v is the

. -1
frequency in wavenumbersg (ecm 7).

-9 9 -
o T 9,807 x 10 “O(%)(—L) u4'0117 (km 1) ()

This expression was obtained as a best fit to molecular scattering coefficients
published by Penndorfﬂ and is shown in Figure 1. In our model, it is necessary

to inteyrate the density (p/T) through the atmospheric layer in question in order u
represent more accurately the changing density w~ith height. Due to the small
variations in molecular scattering for different atmospheric models, the LASER
program provides results for oniy one of the six standard input model aimospheres
(sce Appendix B).

During the past seven years since our first publication of laser transmission
models, there have been numeyrous improvements in the molecular data base which
forms the foundation of these calculations. We camnot possibly specify each of
thesc improvements, but we have tried to keep the scientific community posted

xA card deck for this computcr program can be obtained by writing to the
National Climatic Center, Federal Bujlding, Asheville, N.C. 28301 for a charge .
of $20.00. The AFGL Atmospheric Absorption Line Parameters data tape re-
quired as input data can also be obtained from the same address for a charge of
$60, 00.

6. Penndorf, R. (1956) Luminous and Spectral Reflectance as Well as Colors of -
Natural Objects, Geophysical Research Paper No. 44, AFCRC-TR-56-203 '
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Figure 1. Molecular Scattering Coefficients at
8TP

through meetings and publications in the open literaturc. L The results of these
improvements have been incorporated on the AFGL Atmospheric Absorption Line
Parameters Compilation and made available through the National Climatic Center
(see Section 1}, Some substantial modifications to previous results ariging from
absorption line mnodifications have been made in the region between 3 and 4
micromecters as a result of improvements in HDQ and methane linc parameters.
These improvements are reflected in some of the results included in this report,

There has been considerable controvergy during the past iwo years regarding
the water vapor "continuum'' absorption, particularly in the 8 to 14-p#m region,
but algo in the 3 to 5-4m region. Ag of this writing, existing laboratory measure-
ments have been analyzed thoroughly; the resulting coefficients described here
have been included in all results and in Appendix B where the LASER computer
code is presented.

7. Rethman, L.S., and McClatchey, R.A. (i976) Updating of the AFCRL Atmos-
puaeric Absorption Line Parameters Compilation, Applied Opt. 15:2616.

8. Rothman, L.S. (1977) Atmospheric Optics, OSA Technical Group Meeting,
Tucson, 19 October 1376, Applied Opt. }ﬁ(No.Z):277.
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The absorpiion coefficient per precipital centimeter of water vapor is given
in Eq. (3).

Kk @

m (Cont.) Cs(r‘ T Ps + CN(["T) PN ’ ()

where L‘.S(r, T) is a self-broadening coefficient due to collisions of water molecules
with other water molecules; CN(r. T) is a nitrogen broadening cocfficient due to
collisions of water molecules with air {primarily nitrogen) molecules; Ps is the
partial pressure (in atmospheres) of water vapor, and Py is the partial pressure
of the remainder of the atmosphere (primarily nitrogen). It is necessary to
establish the CS and the CN quantities and their frequency and temperature depen-
dence in both the & to 14- and 3 to 5-pm regions.

. : . ¥i
(i) The 8 to 14 micrometer continuum

‘ o0 1
C_{r, T = C (0, 296) exp (1800(T 296>)

where Cs(r,ZQG) = 4,18 + 5578 exp (-7.87 X 1()“‘3 v){pr. c:m)_1 atm-l and

C.N(r, T) = 0,002 X CS(x',296)(pr. cm)-1 atm—l.

.. . . . . 8
(ii) The 3.5-4.2 micrometcr continuum

/ - -
C_(r, T) = C_(,296) cxp (1350 (- 5&)) (pr. em) ! atm !

C T =0.12xC 0, T)
where the C_(, 296) values are given in Table 1.

;[‘able 1. Se%f—Broadening Absorption Coefficients for Water Vapor Contiruum
3.3-4.2 ym

v (cm-l) (Cs(x', 296)(pr. cm—l)(atm_l) v CS(I’, 296)(pr. (-.m_l)(atm —1)

2350 0.230 2700 0.120
2400 0. 187 2750 0, 147
2450 0. 147 2800 0.174
2500 0,117 2850 0,200
2550 ¢, 097 2900 0, 240
2609 0. 087 2950 U, 280

2650 0. 100 3000 0. 330 3

;
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Using these continuum functions and the atmospheric models described in <
Section 4, we have Figure 2 drawn to show the relative effects of the water vapor q
continuum at 4 and 10 4m.

ABSORFPTION CCEFFICIENT OUE TO
WATER VAPOR CONTINUUM '

— - T 1
0400 . ] |
Tr{oplcul
0300 10.6m {P20) oS
) )
: :
€ MS |
< o200 / ]
0,100 o ///s§ E
MW / ~
iL,/ i’ P s dpm, |
’ STD >"’_‘
———’—‘"——'_'—-’—
00 L l :
00 100 200 300
PH,O (mb)

! Figure 2. Absorption Coefficient Due to Water
Vapor Continuum for Standard Meteorological
wiodels: MS = Midlatitude Summer; SS = Sub-
arctic Summer; US STD = U.S. Standard Atmos-

here, 1962; MW = Midlatitude Winter; SW =
gusarctic Winter (see Table 5)

R

In addition to the more or less continuous absorption due to water vapor as
described, there is another quasi-continuous absorption feature due {o molecular
absorption by the nitrogen molecule centered near 4,3 pm (2350 cm” 1). In the
spectral region from 2400 cm ™! to about 2800 cm ™}, this absorption feature is of i
particular importance to laser transmission, as it tends to provide a background '
transmissios level for paths in the lower atmosphere regardless of the presence
or absence of absorption lines and regardless of how dry the atmosphere may be.
It is of little importance at frequencies smaller than 2400 Cm—l due to the over-

whnelming absorption by atmoapheric carbon dioxide. Figure 3 represents the . -

12
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Figure 3. Absorption Coefficient Due to the Pres-
sure-Induced Nitrogen Band at 4.3 sm

“absorption coefficient as a function of frequency for this nitrogen absorption as

contained in the LASER computer program in Appendix B,

In addition to these "continuum absorption" features, there is another issue
accounting for much of the uncertainty due to molecular absorption in laser extinc-
tion computations, The problem is related to an accurate description of absorpiion
line wings beyond 10 or 20 em™! from absorption line centers. Indeed, in some
cases uncertainties hegin to arise within only a few wavenumbers of the centers of
absorption lines. In our calculations and in the LASER program, we have trun-
cated all line winas at 20 cm”! from line centers. In the lower atmosphere, all
lines have been as:zumed to follow the Lorentz line profile, except that carbon
dioxide lines have been modified by multiplication by the x factor given in Table 2.
This factor arises from analysis of measurements made by Burch et al, 9 Mess-
urements of Long et alw and others provide evidence that water vapor lines should

9. Burch, D.E, (1970) Semiannual Technical Report, Investi&r_;tion of the Absorp-
tion of Infrared Radiation by Atmospheric Gases, U- .

10. Long, R.K., Mills, F.S,, and Trusty, G.L. (1973) Experimental Absorption
Coefficients for Eleven CO Laser Lines, RADC-TEK-T3. )
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Table 2, The '"X" Factor Modification to the Lorentz Line
Profile for CO‘Z Lines

Vv, X v X -
0 1.0 1.5 0.50

0.5 1.0 2,0 0.41 .
0.6 0. 96 2,5 0. 34

0.7 0,89 3.0 0.31

0.8 0.82 5.0 0.29

0.9 0.77 8.0 0.23

1.0 0.70 10.0 0.19

1.2 0.860 15.0 0. 00

be represented by some ''super-Lorentz' function, but as of the present, this re-
maing one of the major unresolved problems of molecular spectroscopy. In any

event, in regions where extinction coefficients are small, the contributions of line
wings will be small and the empirically derived continua described here will dom-

inate the molecular absorption between absorption lines. In spectral regions
where line wings are more significant, the total extinction will be large, so the i
uncertainty in extinction coefficient will increase. However, in most cases, the '
existence of large extinction coefficients for atmospheric propagation will reduce
the interest in developing systems operating at these wavelengths in the first place.
In the interest of developing a consistent set of AFGL Atmospheric Transmis-
sion Models, the continuum absorption for water vapor and nitrogen described in
the preceding paragraphs is identical to the continuum models used in the most
recent LOWTRAN model (LOWTRAN 3B). 1! This is possible in the case of the
continuum absorption as it is fundamentally described by slowly varying (low
resolution) functions. ‘

3. AEROSOL EXTINCTION /

|
Aerosols produce yet another rather continuous or slowly varying set of . i |
extinction coeflicientg throughout the visible and infrared spectral regions. Al- '

though there are some spectral features associated with aerosol extinction, this

11. Selby, J.E.A., Sheitle, E.P. and McClatchey, R.A. (1976) Atmospheric 1
Transmittance from 0.25 to 28.5 um: Supplement LOWTRAN 3B (1976), _ N
-76-0258, ERP 587, T l’
|
14 3
|
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interaction of radiation with solid particles always generates smoother spectral
features than those resulting from gaseous absorption.

Throughout most of the visible and near infrared, it is the scattering coeffi-
cient due to aercsols which is most significant, At longer wavelengths, absorption
by aerosols contributes significantily to the total extinction as well.

In general, it is necessary to know (or measure) two different quantities in
order to describe adequately the aerosol extinction in the atmosphere: We must
know the complex index of refraction of the particles; and we must know the par-
ticle size distribution (that ie, the number of particles within a given size range
for all particle sizes that might affect the extinction of radiation of the wavelength
in question). A knowledge of these two quantities is sufficient if the assumption
of spherical particles is valid. We also must know these two quantities as a func-
tion of position along the atmospheric path in question. Even if we can assume
horizontal homogeneity, we must define the vertical variation of these quantities
for anything other than a horizontal path. Given this information and assuming
spherical particles, we can apply Mie theory calculations to the aerosol models
and aerosol scattering and absorption coefficients can he computed.

The difficulty is that we usually do not have the necessary aerosol measure-
r.ents available for the atmospheric path in question. In fact, generally, we don't
have any kind of statistical base of aerosol measurements available for a given

site. So, we need to develop some reasonable models based on all available meas-
urements and then learn when these might be valid for an arbitrary atmospheric
path. '

Efforts heve been made to do just this and much of the experimental data and
analysis leading to such models can be examined in twe reports by Shettle and
Fenn. 12,13 5 description of some of these models is also available in the
LOWTRAN 2B report.

In the development of the LASER computer code, a subset of the aerosol
models described in the three references has been used and will be described here.
The extinction coefficients (scattering and absorption separately) usec in the LASER
program are given in Table 3 for each of the following models: Rural, Urban,
Maritime, Tropospheric, Background Stratospheric, Aged Volcanic and Meteoric
Dust. The first three of these models are intended to be strictly boundary layer
models and may be applied only to the lowest 1 to 2 kmm. The third (Tropespheric)
model may also be applied to the boundary layer under extremely clear continental
conditions, The Background Stratospheric and Aged Volcanic provide a range of

12. Shetile, E.P., and Fenn, R.W. (1976) Models of the Atmospheric Aerogols
and Their Optical Properties, AGARD Conierence Proceedings No. 183,

Optical Propagation in the Aimosphere, pp. 2. 1-2. 16.
13. Shettie, E.P., and Fenn, R. W. (1978) Models of the Atmospheric Aerosols
and Their Optical Properties (to be published).
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Table 3a. Attenuation Coefficients Resulting from Aerosol Extinction — Rural
(Normalized to an Extinction Coefficlent = 1,00 km~1 at a Wavelength = 0. 55 uM)
2.419€+00.
2.087C+00
"1.3 06E+00

. 200

.+ 250

+300

- 337

-400

+ 438

« 515

- 550

<633

«69%

. 860
1. 060
1.300
1.536
1. 800
2.000
2,259
2.500
2.700
3. 000
3.200
3.392
3.500
3.750
4. 000
4,500
5.000
5.500
5. 000
6,200
5.500
7.200
7.900
8.200
8.500
8.700
9.000
9,200
9. 500
9.800
10,000
10,591
11,000
11.500
12.500
13.000
14.000
14.900
15.000
5. 400
17.200
18,001
18,500
20. 000
21.300
22.500
25. 000
27.900
10,000
35. 000
40.000

1.5 3%E+00
1.394E¢00
1.1 39€E+09
1.076E+00
1.000E+00
8.516E-01
7.636E-01
S.T32€E-01
4.480E-01
3,322€~01
2.64BE~-01
1.,970E-01
1.588E-01
1.429€E-01
1.309€E-01
1.439E-01
1.703€E-01
1.139E-90¢
1.123€E-01
1.113€-01
1.075€-01
1.0067E-01
1.023€E-01
9.7 05E-Q2
9.159FE~52
84791€-02
8.7 09€-92
8.A42E~92
9.929E-02
6.978€-02
6.450€-02
1.126E-01
1.262€-04
1.737€~-01
1.401E-01
1.184E-01
1.1 04F-01
1.N85€-01
1.0 05€-01
9.579E-02
9.7 0TE~02
84530F-92?
3.4THE-Q2
Ball0F-02
7.781E-02
2.654F=-02
R,760E-02
Y.369E-02
2, .826-%52
8.562€-12
9.132E-07
8.747E-02
8.7 39F-02
8.742F-02
7.50R€-07
Th24E-D2
T.486E=02
7.283E-N2
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1.9165E400
1.656E+90
1.6723E+00
1.537E«00
1.351E400
1.068E+00
1.008E+30
9.307F-01
T7.900E-01
7.023€E-01
5.122€E-01
T.8026-01
2.697E-01
2.057€E~-01
1.535E-01
1.312€=-10%
1.140E-01
1.016€-01
7.8356-02
8.330E-02
9, 339F~02
9,251E-02
9,5%8E~-07
9.394E-02
9.00N1E~D2
8.011€E-02
T.672E-02
BeIiliE-07
5.870E-D2
5+696E-D2
S.488E-02
5.216E-02
3.07E-02
1.380€E-02
3.319E~0Q2
5.497€-02
5.719E-02
5.289E-02
Ge477E-02
Se7TWF-02
5.722E-02
SeTHIE-D2
Se372E-02
5.823E-02
S« 370F-02
5.164E-02
&,733E-02
3.926E-02
3. 376E-02
4. 353E-02
4e512E-02
4.495E-02
4. ?276E-G2
4.175%~02
3.988E=-02
3.683F-02
3.505E-02
3. 09%F-02
2.807F=-02
2.€01E-02
2«311E-02

5.829E=-01
2.317E-014
1.335€-61
9.620E-02
8.337E-02
T.050E-02
6.7T4BE~02
6.928€E~-02
64159E~02
6.129E-02
5+694E-02
6.77T5E-02
6e2RTE-02
5.907E-02
4o 432E-02
2.763€E-02
2.894E~-02
2.932€-02
6.559C-02
3.696E~02
2.066E-02
1.9%9E-02
1.583E-02
1.35T€E-02
1.46%5E-02
2.219%-02
2.033E-02
Zew¥55E-02
2.921E~-02
3.113E-02
3.354E-02
4,713€-02
3.904E~02
S.110E-02
T+937E-02
T.125€-02
T.649E-02
8.719€E-02
6.358E~-02
S.266E-02
5.1723€E~02
%, 371€-02
3.697E-02
3.IBLE-02
3.269E-02
3.340€E-02
3.407E~02
3.855€E-02
5.,278E-02
4« 407E-D2
heBSTE-02
ReINTE-02
4.286E-02
heBSTE-G2
4.95%E-02
LaBS6E-02
be737E-02
U,713E~02
4.817E~02
4.885E~02
“-9725"02
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- « 200
«250
-390
.337

. + %00
~488
«515
« 5510
«6133
+ 694
L850

1.060
1. 300
1.536
1. 800
2. 000
2.250
2.500
2.700
3.000
3.200
3.392

' 3.500
3.750
4.000
& 500
5. 000
5. 500

© 6.000
6.200
6.500
7.200
7.900

- 8.200
‘ 8.500
3.700
9. 080
| 9-200
9.500
9.800
16. 500
104594
11. 000
11.500
12.560
13.000
14. 000
1. 800
15. 000
16,400
17.280
18. 000
18,500
20.000
21.300
22.508
25. 000
27.900
30.000
15, 800
40.000

1. - 64€+00
1.798F+00
1.533E+00
1.507E+00
1.321F+00
1.116E+00
1.065€E+00
1.000t+730
8.7326-01
7.976E-01
6.3T4E~0L
S$.152E-01
4.095€-01
3.423E~-01
2.726E~-01
2.w6AE-N1
2.224E-01
22032E-01
7.016E-01
1.796€-01
1,h92E-01
1.635E-01
1.511E-01
1.5326-01
1.L68E~01
1.369F-71
1,2726-01
1.200€-01
1.1 24E-01
1.113€-01
1,089€-01
1.106€-01
9.143E-02
8.759-02
1.112F-01
1,173E-01
1.7 02€-01
1.227€-04
1.106E-0¢
1.056E-01
1.050E-04
9.8 43E-02
9.488E-02
9.192c-02
8.587E-02
8.523€-02
8.189€-02
7.396E-02
n.321E-02
8,200E-02
8.8356~-12
8.,094E=02
7.881E-02
7.989€-02
7.846E-02
7.651{€-02
7.2356-02
6.8ATE-D2
6.6 48E-02
6.360E-02
6+.065E-02
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1.287E400
1.251F+00
1.154E400
10656400
Q,171E-01
7.567€-01
T.167€-01
6.657€~01
5.,7066-01
5.1106-01
3, 82AF-01
2,896€-01
Z.i316-01
1.670€-01
1.302€-01
1,129E-01
9.833F-02
8.758E=-02
T.286E=02
7.209E-0n2
T.572E~02
7.383E~02
7.500E~02
7.258E~02
6,939~ (2
6,220E~02
5.900F~02
S.I86E~02
4,767E~02
4, 636E~02
4, 496E~02
4. 271E~02
3, 118E-02
2,199E~02
3.205€-02
&,318E-02
4.L14E-02
4,181E- 02
4,262E-02
4.400E-02
4.365€-02
4.350€-02
4.%48E-02
8.3506-02
4.083€-02
3.961E-02
3.713E-02
3.275€6-02
2.985E-02
3.457E-02
3.524E-02
3.499E-02
3,376E~02
3.298€-02
3,174E-02
3.099E-102
2.861€-02
2.601E~02
2.422E-02
2.268€-02
2.0372-02

Table 3b. Attenuation Coefficients Regulting from Aerosol Extinction — Urban
{Normalized to an Extinction Coefficient = 1. 00 km~1 at a Wavelength = 0. 55 um)

Ha?H7F=01
Sel7UE~-01
4.792E-01
LeW17€E~-01
4. 036E-01
3.591E-01
3 4RZE-0)
3.343€-01
3.027€-01
2.866E-01
2.545E-01
2+2%56E-01
1.964E-01
1.753€-01
1.524E-01
1.339€-01
1.24%0E-01
1.157€=-01
1.288€-01
1.975€-01
9. 346E-02
8.366E-02
B.610E-02
8.063€E-02
T.739E-02
T.47%E~G2
6. 824E-192
6.613E-02
6.472C-02
6.492E-02
6+393E-02
6o 7BKE-02
64 0%0E-02
6.560E-02
7.916E-092
ToN1GE-12
7.610E-02
8.090E-02
6. 802E~02
6.161E-02
€. 037€-02
5.493E~D2
5.0406=-02
4. 842E-02
4o GOKE-02
4.562E-02
4o WTEE-02
4.621E-D2
5.336E-02
4. 751€~02
%.911E-02
%.595€-§2
%.505€-02
b, 691€E-92
8672602
%.552€-02
e ITHE=-02
4o 246E~02
4, 226E-02
%.1126-02
4. 028E-02
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Table 3c. Attenuation Coefficients Resulting from Aerosol Extinction — Maritime
(Normalized io an Extinction Coefficient=1, 00 km-! at a Wavelength = 0. 55 um)
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.200 1.31AF20Q 1. 1BAE 00 1,300€-01
. 250 1.735E4+00 1.1BLE¢00 5. 471E-02

L300 1.170€400 1.142E¢00 2.300€E~-02

. 337 1.134E410 1.115E+00 1.858€-02

« 400 1.,073E+00 1.063E¢00 1,536E-02

A8 1.026E+09 1. 01485+ 0Q 1.271€~-02

.515 1.009F+00 9.975€~01 1.1647€-02

+550 1.N00E+00 9.882€-01 1.179E-02

. 633 9,555€=01 9.556E-01 2, 9A0E-03

~694 J L SUE-O1 9.396E-01 9.790E-03

. 860 9.121€-014 9.013E-01 1,08 4E-D2

1.060 8.2 03€~01 8.6820-01 1.210E-02

1.360 B.406E-01 %,288F-01 1.178E~02

1.536 8.071E-01 7.951€-01 1,207€=-02

1.800 7.526E-01 T+534E-01 9,18 0E~-03

2.000 7.297E-81 7.159E-01 1.320E~-02

2.250 6<378E-01 6.772E-01 1.062€=-02

2.500 6.3 05E-01 6.033E-01 2,125€-02

2.700 54713E-01 4,399€-01 9.134E-02

3. 000 6.599€-01 3.211E-01 3.328€-014

3,200 fe- 02E-01 4 59E~01 2.,208E-01

, 3.392 6ol 7AE~01 5.670E~-.1 B.004E-02
3.500 6.765E-01 5.B843FE-01 4o 164E=-02

X.750 5.417E-01 5.645E-01 1.718E-02

4.000 5.4 87E-01 5.2R9E-01 1.98SE=-02

4.500 4.945E-01 5,520E-01 L. PWTE~-N2

5.008 4,633E-01 “.072E-01 3.660E~02

- 5.500 3.752E-01 3.431E-01 2.207€-02

6.000 3.071€-01 1,984€E-01 1.488E-01

6. 200 4o33LF-n1 2.886E-01 1e HHBE=01

i 6. 500 3.618E-01 2.879E-01 7.387E-02
: 7.200 3.011€-01 2.415€-01 5.965E=-92
7.900 Z.572E-01 1,988E-01 Se840E-02

l 8.200 2.506E-01 1.869E-01 6©.368E-02
| 8.500 24560E-01 1,848E-01 7.119E-02
! 8.700 2.701E~D1 1.996E-01 7. 0S1E-N2
ﬁ 9.000 2.663E-01 1.955€-01 T.085E~02
3! 9,200 2.507E-01 1.786E-01 P.218E-02
! 9.500 2.2 48E~01 1.609E-01 6.397E-02
9.500 2.061F=01 1.439E-01 6.222E-02

10,600 1.7 31E-01 1,307E-01 6.285€-02

10,531 1.634E~01 9.447E-02 6e893E-02

11.000 1.563E~01 T.216E-02 8. 415€=-92

11.500 1.618€~01 5.652€-02 1.052E-01

12.500 1.952E~01 8.523E-02 1.890E-01

13. 400 2.1 18E~01 %, 881F-02 1.€29E-01

14.000 2.33I8E~01 S, 448E-02 1. TRIE-01

. 1. 800 2,012E~01 5.801E~-02 1.932€-91
! 15,000 2.461E-01 5,950E~02 1.866E-01
) 16.400 2.545E~01 6.589€=02 1.876€E-61
17.200 2.6508€-01 T.500E-02 1.858E-81

18,909 2.556E-01 P.611E-02 1.,795E-01

18. 500 2.501€-01 T.4BRE-02 1.752€-81

20. 000 2.309€-01 7,033E-02 1.606E=-01

21.300 2.160€~01 6.514€-02 1.509€-01

22.500 2.145€-01 | 6.128€-02 1.4338=02

25.000 1.8366-01 5.367E-02 1.299E-01

2r.q00 1.659E-01 8.611E-82 1.198E-81

30,000 1.532E-01 4.085E-02 1.123€-01

3%.090 1.419€-01 3. 006E-02 1.119E-91

40,090 1.590€-01 2.533E-682 1.336E-01




\
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Table 3d. Attenuation Coefficients Resulting from Aerosol Extinction—Tropospheric
{Normalized to an Extinction Coefficient= 1,00 km~1 at & Wavelength = 0. 55 ym) .
0E-D1 )

.200 2.545E400 2.036E+00 5.09
. 250 2.184E4008 1.966E+00 2.18%E=-01 :
. 300 1.3 78E+00 1.766E00 14119€-01 \
.3317 1.690E+00 1.616E+00 T.429€-02
o100 1.429E¢D0 1.368€+00 64 144E=02 \
<488 1.154€400 1.102€E+00 L BALE-02
.515 1.182E+00 1.037€¢00 4, 589€-02
.550 1.000E+00 9,528E-01 4. T16E-02
. 633 B.I84F-01 7.9836-01 3.985E-02
» 634 7.6 19E-01 7.028E-01 3.916E-02
.86 5.4035-01 t.971F-01 4,326E-02
1.060 3.965E-01 3.532E-01 4.3IRE-02
1.300 2.693E-01 2.313E-01 3.796-02
1.536 1.9 48E-01 1.603F-01 3.451E-02
1.800 1.2 10E-01 9.904F-02 2.200E-02
2.000 7.25%€-02 6.761F-02 1,002~ 02
2.250 6.151E-02 5.005€-02 1.146€-02
2.500 4.95kE-02 3.797E-02 1.1576-02
2.700 64541E-02 2.650E-02 3.891E-02
3.000 3.987E-02 2.394F-02 1.5%9E-02
3.700 3.n27€-92 2,350E-02 6.770€-03
3.392 2.781F-02 2.133F-02 6.4 0E~03
3.500 2.657E-02 2 170E-B2 4.830F-03
3,750 2.780E-02 1.838F-02 %,0206-03
4,000 1.993€-02 1.564E-02 4,340E~03
4,500 1.R60E-02 1.159E-02 7.0106-03
5.000 1.472E-02 8.4GEE~D3 6,230E=03
5.500 1.416€-02 6.110E-03 3,050E-03
e 000 1.481F-92 4,010F-03 1,0°0€E~02
6. 200 1.562F-02 3.930E-03 1,169E~-02
64500 1.659€-02 3. R30E-03 1.27€€~-02
7.200 2.130E-02 2.940€E-93 2,076E~02
7.900 1."56F-02 %.500E- 04 1.801€-02
5.200 7e46F-02 1.7 00E-08 2,979€-72
8.500 4. 63E-0? 1.210F-103 4,847E~02
8. 700 4.7 DWE-02 7.8506-93 3.4196-02
9. 000 4.597€-02 8.470F-03 3. 750€E-02
9. 200 5.4326-07 42 00E-03 4,812E-02
9.500 3.184E-07 U.BUOF-03 P.700E-0?
9. 800 2.7TAQF-Q? 4.230F-03 1.966E-02
17,000 2.770E-02 1,750F-03 1.195€-02
10.591 1.720F-02 2.750E-03 1.465E-02
11.000 1.343F-02 2,3506-03 1.102E-02
11.500 1.712F-02 1.850F~038 1.077E=102
124580 1.1108-02 1.220F-03 9,970E-03
13.000 1.140E-02 1.040E-03 1.0%RE-02
14. 000 1.151F-0? 7.500FE-04 1.076E-02
14. 800 1.438F-02 4. 200E-04 1.359E-02
15,000 2.6206-02 L,EQNE-0 2.374€-02
16.600 1.°566-92 642 00E- 04 1.4M8E-02
17,200 1.AT0F-02 9,200F~04 1.57R€-02
18,000 1.396F-02 7.200F-04 1, 374€-02
1A .500 1.401E~02 5.600F-04 1.345€-02
20. 000 1.591€-02 Se1li0F-04 1.530F~02
21,300 1,765F=02 4.900E~04 1,€1€E-02
22.5a0 1.593€~9? 4. 000E-04 1.553E-02
25.0U0 1,581F-02 2.E00F-0b 1.555E-02
27.900 1,A25€-02 1.700F-08 1.€NRE-02
38.000 1.7 64F-02 1.200F-04 1.732€-02
35,000 1.739€-02 9. 000€E-05 1.770E-02
49.000 1. 13F=02 6o000F-05 1.307E-N2

19

PEdy tad ..

LEE .

TR

T St el o R et i it

A h

PR




A

Table 3e.

Attenuation Coefficients Resultin
Stratospheric (Normalized to an Extinction
= 0.55 um)

«200
«250
«300

- 337
+%00
488
«515
.550
+633

« 694

« 860
1. 060
1.300
1.536
1.800
2,000
2.2%0
z.500
2.700
3.000
3.200
3.392
3.500
3.750
e 000
4.500
S.000
5,500
6.000
6.200
6.500
7.200
7.900
8.200
8.500
8.700
9.000
9.200
9,500
9.800
19.000
10.591
11,000
11.500
12.500
13.000
14,000
14,000
15.090
16,400
17.200
18.000
18.500
20.006
21.300
22.500
25.000
27.900
30.000
35,000

404,000

1.487F+N0
1.553E+00
1.5551400
1.515K¢00
1.376€+00
1.1506+00
1.087E¢00
1.000€+00
8.224E-01
7.063%-01
4.685E-01
2.986€~01
1.6§2€-0¢
9.992€-02
S.88iE-02
4.183E-02
2.727€-02
1.849€-02
1.734kE-D2
6.5 10E~92
84771E~02
8.927E-02
BISABE-GZ
6.526E-12
5.794E-102
4.764E-02
4.277E-02
5.807E-02
S«T68E-12
».592€-02
3.338E-02
4.456E-02
1.187e-02
1.671E-01
1.457€-01
1.274E-01
9.?83E-82
3.780€E-02
1.006E~-01
T.323€-02
5.020€-02
4.968€-02
SeT36E-02
3.575€-02
1.975€-02
1.940€-102
1.°67€~92
1.795€-~02
1.953F=02
3.665€-02
b.152€~02
2.326€-02
1.714e~02
1.365F~02
1.619€-02

“1.532€~02

3.,370E~03
6€.810€-03
6.330E-03
5.800€-03
5.92%E~-03

20

from Aerosol Extinction - Background

1. 487E+00
1.553€+00
1.555E+ 60
1.515E¢00
1.376E+00
1.150E+00
1.087E+00
1.000E+00
8.224E-01
7.063E=01
“,695E-01
2.865E=01
1.642E-01
9.972E-02
S.817E-02
&,055E~02
2.570E-02
1.560E=02
9,310E-03
6.320€-03
6.0006~03
6,270€=03
6.230E-03
5.100F~03
%,0306-03
2.820E-03
1.450E-03
1.030E-03
1.0506-03
8.800E-04
5.5 00E=04
1,900F~ 04
S.000E=-0%
7.700E-0h
9.500E-04%
9,.600E-04
7.2 C0E-08
5.600E-0k
7.100E-0%
65.700E-04
4 .9G0E~ Ok
2.700E-04
Z.600E-04
2.600E-D%
1.300E-04
1.0C0E- 0%
7.000E-05
5. 000€E-05
S.000E-05
4,000E-05
5.0060E-05
$.000€-0"
4,000F=05
2.000E-05
2.000E-05
2.0006-05
1.000E-05
1.000E~-05
1.000E~-05
0.

nl

oefficlent = 1.00 km~1 at a Wavelength

Oe

o'

[

u.

Q.

0.

0.

o.

0o

0.

o.

0.

2. 000E-05
2.090E-04
6. 000E-04
1.280E-03
1.5T0E-QS
2.890E-03
4.030E-03
5.878E~-02
T.6T{E-02
8.300E-02
7.917E-02
6. 019E-02
5,391E-02
§.522E-02
4.132E-02
5. T04E~-02
5.263E-02
4.304E-02
3.283E-02
Q-QSTE—OZ
1.182E-01
1.463E-01
1. 460E-01
1.,264E-01
9.217E~-02
8.722€E-02
9.907E-02
T.256E-02
4.9T1E-02
4aOW1€E-02
5.710E-02
J.549E-02
1.962E~02
1.,930E-02
1.860E-02
1.8%30E-02
1.948E-902
3.6R1E-02
NeiGWTE=-02
2+ 321E-02
1.710E-02
1.383F-02
1.€17E=-02
1.530E~02
8.360E-03
6.800E-03
6e320E-03
S.800E~-03
5+920E-03




= 0, 55 pum)
«200
. . 250
.300
«337
» 400
L)
* «516
« 550
v 633
« 694
-850
1. 060
1.300
1.536
1.800
2,000
2.250
2. %00
2.700
3.000
3.200
3.392
3.500
3.750
4. 000
4.500
5.000
5.500
6. 000
6.200
6.500
7.200
l 7.900
! 8.200
8.500
8.700
9.0a0
9.200
9.500
3.800
10,000
19.591
11.000
11.500
12.500
13.000
14,500
14.8G0
15. 1000
N 16400
. 17.200
18.006
18,5030
L 29.000
: 21,300
22.5080
25.000
27.900
30.000
35,000
40,000

e e

o ALy
i

WE Toshan e

v
e
i

1.149F+ 00
1.133€E+00
1.192F+ 00
1.180E+00
1.140F+00
1.763F+00
1.036E+00
1.000F+00
9.129€-01
B.L8T7E~-QOL
6.387E-01
5.302€=-01
3.A81E-01
2.797€-01
1,968€-01
1.55€-01
1.107¢€-01
3.A356-02
7.1B85E-02
6.075€-02
S«198E~-02
4.508E-02
4.083E-02
3.401E-02
247L3E-92
2.094E~02
1.539€~02
1.265€-02
1.021E~02
9.3206-03
1.043E~-02
1.362€-02
1.788E~02
2.279€=92
2.475E~-02
24319€E-02
3.108€~02
3.231€-82
3.38%€E-02
J.454E~-92
3.458E-02
3.181€E~-02
2.771€E-02
2.4T3IE-02
1.713E-02
1.601€-02
1.483E-02
1.565€-02
1.66TE~02
1.643E-92
1.7 35€-02
1.857€=-02
1.772E~-92
1.616€-02
1,077€-02
1.1 24E-02
1.052€~02
1.080€E-02
1.130€E-02
1.195€-02
1.330€-02
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7.006E-01
9.009€-01
1.079E4 00
1.095E+00
1.06RE+ (0
1.003E+00
9.799€-01
Q. &473F-01
8.676F-01
8,079€~01
6.570F~01
5.057€E-01
3.693E-01
2+64BE~01
1.849E-D1
1.353E-01
1.021¢F~01
T.792€E-02
6.343E~02
5.126E=-02
4,262F-02
3.76LE-02
3,435E~0D2
2,913E~-02
2.3%%E=-02
1.775E-02
1.,204E~02
8.690E-03
5.700E-03
4,670E-03
3.780E-~03
2.500E~03
1.360E~03
9.900E~04
2.5T0E~03
§.810E~01
6.020E~03
5.730F~13
G.180F~03
&, T50E~03
4.4%90E~03
3,220€+03
2+.600E~03
1.910F~03
9,000F~08%
7.100E~04&
4., 600E~0K
3.300E~-0%
3.200E-CH
2.A00E~08
2.900E~00
3.100€E-04
3.100E-D%
2.600E~08%
24300E-04
2.0060E~-0&
1.400E-048
8, 080E--05
6.000E-05
3.060E-05
2.000E~-05

Table 3f. Attenuation Coefficients Resulting from Aerosocl Extinction — Aged
Volcanic (Normalized tc an Extinction Coefficient = 1,00 k™1 at a Wavelength

Lo UN2E~01
2,818E~-01
1.126€-01
8.497E~-02
Te264UE-02
5.962E~02
5.651E~-02
5.271E-02
4.532F-02
4. 084E-02
3.178E-02
24452E-02
1.881E-02
1,490€E-92
1.191E-02
1.019£-92
8.€ET0E-03
8.430E-03
8-420E-03
9.490E~-03
9,360E-03
T.430E-03
6.5 0E-03
4.8R0E-03
3,490€-03
3.190E-03
3.3%50E-03
3.960€-03
%4.510€E-03
5.250€-03
6.650E~-03
1.112€-02
1,€52E-02
2.180E~-02
22218E-02
2.438E-02
2+506€E~-02
2.€58E~02
2.87T1E-02
2,979E-02
3.009E-02
2.859E~02
Z2.51iE~02
2.282€-02
1.623E-02
1.530E-02
1.447E-02
1.532€-02
1.€35E-02
1.€20€-02
1.706E-02
1.826E-02
1.7%1€~-02
1.390€-02
1.054E-02
1.104E-02
1. 038€E-02
1.07T2€E-02
1.124E-02
1.192€~02
1.3208€-02
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6. 300E-04%
Y. 900E-04
1.5706E-03
1.810E~03
2.€00€-03
3.870E-03
4,310e-03
S.060E-03
6.640E~03
7.9%0E-03
1.2126-02
1.87%E-02
2.716E=-92
3.725E~02
ke<98E-D2
6.161E-02
7.538E=-02
8.9%3E-02
1.0056~01
1.161€-01
1.254E~01
1.331E~-01
1.3RRE-01
1.435¢€-01
1.472E-01
1.463E-01
1,373F-01
1,2%6E-04
1.118E-01
1.071€-01
1.008E-01
9.004E-~02
8.7376-02
8.999%€-02
9.61B8E~02
1.031E~01
1.191£~01
1.384E~-01
1.€31E~01
1.882€-01
1.955E-01
2.010E-01
2.2%0E~01
1.842€-01
9,282E~02
8,076E~02
TUT6E~2
6,666E~-02
6.,823E~02
1.2336-01
1.055€-01
1.383E~-01
1.618E~01
1.315E-01
9,836E-02
1.063E~-01
1.058E-01
T.TN9E-02
6.758E~02
3.695€~-02
3« 245E-02

Table 3g. Attenuation Coefficients Yesulting from Aerosol Extinction — Meteoric
Dust (Normalized to an Extinction Coefficient = 1. 00 km~1 at a Wavelength =0, 55um)
« 200 1.N50E+00 1,050F+00
. 250 1.N58E¢00 1.057E+00
.300 1,759E+ 00 1.057E+00
.37 1.053€400 1.051€+00
+400 1.063€+40 1.041F+00
- 488 1.0206400 1.015F ¢00
.51% 1,712E400 1.007F+00
«550 1,000F+00 9,949E=01
. 633 9,723€E-01 9.657E-01
« 694 9,695E-01 9.416E-01
«860 8.A77E-01 8.756E-01
1. 060 8.146€-01 7.963€-01
1.300 7.329€-01 7.057E-014
1.536 6,605F=01 6.233€-01
1.800 5.9 83F-01 5.390E-01
2.000 S,438E~01 4. A22E-01
2,250 4,914F-01 4,1606-01
2.500 4.LBBE-D1 3.57uE=-D1
2.700 4.167E-01 3.162E~01
3. 000 3. AN6E-N1 2.645E-01
3.200 3.621E-101 2.367E-01
3,392 3.478€E-01 2.147F-012
3.510 3L410E~NL 2.0u2E-01
3.750 3.280F-04 1.845E-01
4%,-000 3,172€-01 1.700E-01
§.500 2.972€-01 1.509e-01
S, 000 2.751E-01 1.378E-01
5.506 2.508E-04 1,262E-04
€.000 2.762€-01 1.184E-01
6.200 2.166E-01 1,094E-01
6,500 2.025€-01 1.018€E-01
7.200 1,727€~01 8.2€4E-02
7.900 1.491E~01 6.170E-02
8.200 1.6424€-01 5.237€-02
8.500 1.394E-01 L,326E-02
' 8.700 1.,408€-01 3.7756-02
; 9. 000 1.5 06E=-01 3.151E-02
; 9,200 1.640F-08 2.962€-32
! 9.500 1.964E-01 3.129€-02
\ 9. 800 2.752€-01 2.697E-02
! 10, 000 2.361E-01 4. 059E~D2
10.591 2.4 48E~01 4,.3856-02
11,000 2.77T9E-81 5.?96E-0?
11.500 2.507€~-01 6.65TE-02
12.500 1.527€E-01 5.990E-02
13, 000 1.3716€E-01 S.08%E~02
14.000 1.1 44€E-01 3.968E-02
14,800 9,6 03E-02 2.937E~02
15. 000 9.456€E-02 2.633E~02
164400 1.458E-01 2.2645€-02
17.200 1.237E-01 1.822E-02
18, 000 1.560E-01 1. 767E~02
: 18.500 1.835E-01 2.167E-02
N 20. 000 1.604E-01 2,386E-02
: 21.300 1.219E-01 2.356E-02
. 22.%00 1.227€-01 1.884TE=02
: 25.000 1.292E-01 2+339€~02
i 2r.9080 9.600E-02 1.851E=-02
= 30.000 8.58E-02 1.783E-02
. § 35,000 $.055E-02 1.360E~02
= 40,000 %41 09E-02 8.640E-03
i .
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extinction for the stratosphere. Currently, conditioas are similar to the Back-
ground Stratospheric, although the cruption of new major voleanos could change
this. The volcanic stratospheric model should be used to represent the strato-
sphere during the late 1960's and ecarly 1970's. The meteoric dust model is in-
iended to be used only above 30 km.

The question of when to apply the three boundary layer models remains some-
what ambiguous and requires some judgment., Some rules-of-thumb follow:

(1) Relatively clear, continental air having a trajectory from relatively unpolluted
land arcas should usually be represented by the Rural model. (2) The Urban
model should be uscd not only in urban areas under rather stagnant, stable weather
conditions, but may also be used in regions where the trajectory of the prevailing
air mass indicates an urban origin. (3) The Maritime model should be used not
only over the oceans, but also over land areas where the trajectory is obviously
maritime.

The LASER program has been set up using the Rural model in the lowest 2 km,
but resulis for a sea-level path are also provided for any input laser wavelength
for the Urban, Maritime, and Tropospheric models.

Table 4 has been constructed based on extinction coefficient and number “onsity
measurements of aeroscls as a function of altitude., This table constitutes ¢ se.ies
of scaling factors which, when multiplied by the scattering and absorption coetfi-
cients of Table 3, give the scattering and absorption coefficients as a function of
aliitude. The work of Shettle and Fenn12' 13
be accommodated in the LASER code, so here we have Limited these to a ''Clear"

provide many more models than could

and a "Hazy' model which at sca level relates to a meteorclogical range of 50 km
and 5 ki, rvespectively. Aside {rom the options available for the boundary layer.
the LASER program divides the atmosphere in the vertical into four general regions
and uses the extinction coefficients in the "Clear" and "Hazy'" atmospheric aerosol
models as indicated in Table 4. If the extinction coefficient for other than 50- or
5-km meteorological range is required, a linear interpolation will provide a rea-

sonable estimate.
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Table 4.

Scaling Factors Representing Vertical Distributions of
Acerosol Extinction

Height Clear Hazy
0.0 6. 95K -2 7.5TE-1
1.0 2.58E-2 7.57E-1
Uses Rural Extinction

2.0 9.7T0E-3 6.21E-2 Coefficients

3.0 8.19E-3 3.46E-2

4.0 6,43K-3 1.85E-2

5.0 4,85E-3 9, 30E-3

6.0 3.54E-3 7.71E-3

7.0 2, 30E-3 6,22E-3

8.0 1.41E-3 3.36E-3

. - Uses Tropospheric Extinction

9.0 9.80E-4 1.81E-3 Coefficients

10.0 7.87TE-4 1,85E-3

11.0 7.14E-4 2.11E-3

12.0 6.63E-4 2.45E-3

13.0 6,22E-4 2,80E-3

14,0 6.45E-4 2.89E-3

15,0 6.43E-4 2,92E-3

16.0 6.41E-4 2,74E-3

17.0 6.01E-4 2.46E-3

18,0 5.63E-4 2, 10E-3

16.0 4.92E-4 1.71E-3

_ _ Uses Background Stratospheric

20.0 4.23E-4 1. 35E-3 Extinction Coefficients for
21,0 3.52E-4 1. 09E-3 "CLEAR" and Aged Volcanic
22,0 2. 96E-4 8. 60E -4 Fxtinction Coefficients for
23.0 2,42E-4 6, 60E-4
24.0 1. 90E-1 5. 15E-4
25,0 1.50E-4 4, 10E-4
30.0 3.32E-5 7.860E-5
35,0 1.65E-5 2,45E-5
40.0 8. 00E-6 8.00E-6
45,0 4,02E-6 4, 02E-6
50.0 2. 10E-6 2. 10E-6 Uses Meteoric Dust Extinction
70.0 1. 60E-7 1. 60E-7 Coetficients
100.0 9.30E-10 9. 30E-10
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4. ATMOSPHERIC MODELS

The atinospheric models used in the LASER computer code have been de-
scribed by McClatchey et al14 and the six standard models of temperature, pres-
sure, water vapor and ozone distributions as a function of height are included
here in Table 6. A number of additional gasés of importance to the computation
of molecular absorption have been assumed to be uniformly mixed by volume in
the atmosphere at the concentrations given in Table 5. If the user of the LASER
computer code is interested in performing an extinction coefficient calculation
for an atmospheric model differing from the six models provided as input, he may
simply substitute an alternative set of input data for any one of the models, being
careful to use the same units for all quantities. The aerosol models have been
described in Section 3 and the reader is referred to References 12 ard 13 for a
more thorough discussion.

Table 5. Concentrations of Uniformly Mixed Gases

Constituent Concentration {ppm V)
C02 330
Nzo 0.28
cCO 0,075
CH4 1.6
o, 2.095 x 10”
N, 7.808 x 10°

14. McClatchey, R.A., Fean, R.W,, Selby, J.E.A., Volz, F.E., and Garing,
J.S, (1972) Optical Properties of the Atmosphere (Third Edition}, AFCRL-

72-0497, ER o, 411,
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Table 6.

Atmospheric Optical Properties

Model Atmospheres Used as a Basis of the Computation of

TROPICAL
Ht. Pressure Temp. Densi Wsier Vapor Ozon
(k) (b OK) (&/m3) @/m?) (2/m3)
0 1. 013E+03 300.0 1. 167TE+05 1. 9E+01 5.6E-05
1 9. 040E+02 294. ¢ 1. 064E+03 1. 3E+01 5.6E-05
2 8. 050E+02 288.0 9. 6B9E+02 9. 3E+00 5.4E-05
3 7. 150E+02 284.0 8. 756E+02 4. TE+00 5. 1E-05
4 6. 330E+02 277.0 7. 951E+02 2.2E+00 4.7E-05
] 5. 580E+02 270. ¢ 7. 199E+02 1. 5E+00 4. 5E-05
6 4. 920E+02 264.0 6. 501E+02 8.5E-01 4. 3E-05
7 4.32 202 257.0 5. 855E+02 4.7E-01 4. 1IE-05
8 3.7 2 250.0 5. 258E+02 2.5E-01 3. 9E-05
9 3. 29002 244.0 4. 708E+02 1.2E-01 3.9E-05
10 2.860E+02 237.0 4. 202E+02 5.0E-02 3. 9E-05
11 2.470E+402 230.6G 3. 740E+02 1.7E-02 4. 1E-05
12 2. 130E+02 224.0 3. 316E+02 6.0E-03 4. 3E-05%
13 1. 820E+02 217.0 2. 929E+02 1. 8E-03 4.5E-05
14 1. 560E+02 210.0 2. 57BE+02 1. 0E-03 4.5E-05
15 I. 320E+02 204.0 2.260E+02 7.6E-04 4.7E-05
16 1. 110E+02 187.0 1. 972E+02 6.4E-04 4. TE-05 -
17 9. 370E+01 195.0 1. 676E+02 5.6E-04 6. 9K-05
18 7. 890E+01 199.0 1. 382E+02 5.0E-04 9. GE-05
19 6.660E+01 203.0 1. 145E+02 4.9E-04 1. 4E-04
20 £.650E+01 207.0 9. 515E+01 4.5E-04 1. 9E-04
21 4, 800E+01 211.0 7. 938E+01 5.1E-04 2.4E-04
22 4, 090k+01} 215.0 6. 645E+01 5. 1E-04 2. 8BE-04
23 3. 500E+01 217.0 5. 618E+01 5.4EK-04 3.2E-04
24 3. 000E+01 219.0 4.763E+01 6. 0E-04 3.4E-04
25 2.570E+01 221.0 4. 045E+01 6.7E~04 3.4%-04
30 1. 220E+01 232.0 1. 831E+01 J. 6E-04 2.4E-04
3s 6. 000F.+00 243.0 8. 600E+00 1. 1E-04 9.2E-05
40 3. 050E+00 254.0 4. 181E+00 4. 3E-05 4. 1E-05
45 1. 580E+C0 265.0 2. 097TE+00 1.9E-05 1. 3EE-05
50 8. 540K -01 270.0 1. 101E+0C 6.3E-06 4. 3E-06
70 5. 790E -02 219.0 9.210E-02 1.4E-07 8.6E-08
100 3. 000E-04 210.0 5. 000E-04 1. 0OE-09 4.3E-11
286
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Table 6.

Model Atmospheres Used as a Basis of the Computation of
Atmospheric Optical Properties (Cont.)

MIDLATITUDE SUMMER

Ht. Pressure Temp. Densil Water Vapor Ozons
(km) {mb) (°K) @/m) {g/m3) ®/m3)
0 1. 013E403 204.0 1. 191E+03 1.4E+01 6. OE~D5
1 9. 020E+02 290.0 1. 0BOE+03 9. 3E+00 6. 0E-05
2 8. 020E+02 285.0 9. 71STE+02 5. 9E+00 6. 0E~05
3 7. 100E+02 279.0 8. 846E+02 3.3E+00 6.2E-05
4 6. 280E+02 273.0 7.998E+02 1. 9E+00 6.4E-G5
5 5, 54 0E+02 267.0 7.211E+02 1. 0E+00 6. 6E-05
6 4. B70E+02 261.0 6.437TE+02 6. 1E-01 6. 9E-05
7 4. 260E+02 255.0 5. 830E+02 3.7E-01 7.5E-05
8 3. 720E+02 248.0 5.225E+02 2.1E-01 7. 9E-05
9 3. 240E+02 242.0 4. 669E+02 1.2E-01 8. 6E-05
0 2.810E+02 235.0 4, 159E+402 6.4E-02 9. 0E-05
! 2.430E+02 229.0 3. 693E+02 2.2E-02 1. 1E-04
12 2.090E+02 222.0 3. 269E+02 6. 0E-03 1.2E-04
12 1. T90E+02 216.0 2, 882E+02 1. 8E-03 1. 5E-04
14 1. $30E+02 216.0 2. 464E+02 1. 0E-03 1.8E-04
5 1. 300E+02 216.0 2. 104E+02 7.6E-04 1. 9E-04
16 1. 110E+02 216.0 1. 797E+02 6.4E-04 2. 1E-04
17 9. 500E+01 216.0 1. 535E+02 5.6E-04 2.4E-04
18 8. 120E+01 216.0 1. 305E+02 5. 0E-04 2.8E-04
19 6. 950E+01 217.0 1. 110E+02 4.9E-04 3.2E-04
20 5. E+01 218.0 9.453E+01 4.5E-04 3.4E-04
21 5. 1UUE+01 218.0 8. GSCE+0} 5. 1IE-04 3.BE-04
22 4. 370E+01 220.0 6. 872E+01 5. 1E-04 3. 6E-04
23 3, 760E+01 222.0 5. 867TE+01 5.4E-04 3.4E-04
24 3. 220E+01 223.0 5. 014E+01 6. 0E-04 3.2E-04
25 2.770E+01 224.0 4.288E+01 6. TE-04 3.0E-04
30 1. 320E+01 234.0 1. 322E+01 3. 6E-04 2.0E-04
35 6. 520E+00 245.0 6. 519E+00 1. 1IE-04 9.2E-05
40 3. 33NE+00 258.0 3. 330E+00 4.3E-05 4. 1E-05
45 1. T60E+00 270.0 1. 7157TE+00 1. YE-05 1.3E-05
60 9.510E-01 276.0 8.512E-01 6. 3E-06 4,3E-08
70 4. 710E-~02 218.0 6.706E-02 1.4E-07 8.6E-08
100 3. 000E -04 210.0 5. D0OE -04 1. 0E-09 4.3E-11
27
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Table 6.

Madel Atmospheres Used as a Basis of the Computation of
Atmospheric Optical Properties (Cont.)

MIDLATITUDE WINTER
Ht Pressure Temp. Denaiéy Water Vgpor Ozone
(km) {mb) ©K) g/m (g/m?®) (g/m3)
0 1. 018E+03 272.2 1. 301E+03 3. 5E+00 6. OE-05
1 8. 973E+02 268.7 1. 162E+03 2. 5E400 5.4E-05
2 7. 897TE+02 265.2 1. 037E+03 " 1. 8E+00 4.9E-05
3 6. 938E+02 261.7 9. 230E+02 1. 2E+00 4, 9E-05
4 §. 081E+(2 255.7 8.282E+02 6.6E-01 4.9E-05
5 5. 313E+02 249.7 7.411E+402 3. 8E-01 5, 8E-05
6 4. 62TE+02 243.7 6. 614E+02 2. 1E-01 6.4E-05
7 4. 016E+02 237.7 5. 886E+02 8. 5E-02 7.7E-05
8 3. 473E+02 231.7 5.222E+02 3. 5E-02 8. OE-05
9 2. 992E +02 225.7 4. 619E+02 1. 6E-02 1.2E-04
10 2. 56BE+02 219.7 4. 0712E+02 7.5E-03 1. 6E-04
' 11 2. 199E+02 219.2 3. 496E+02 6. 9E-03 2. 1E~04
12 1. 882E+02 218.7 2. 999E+02 6. OE-03 2.6E-04
3 1. 610E+02 218.2 2.572E402 1. 8E-03 3.0E-04
14 1. 378E+02 217,17 2.20AE+02 1. 0E-03 3.2E-04
15 1. 178E+02 217.2 1. 880E+02 7. 6E-04 3.4E-04
16 1. 007E+02 216.7 1. 620E+02 6.4E-04 3. 6E-04
17 8. 610E+01 216.2 1. 388E+02 5. 6E-04 3. 9E-04
i 18 7.350E+01  215.7 1, 188E+02 5. 0E-04 4. 1E-04
i 19 6.2B80E+01 215.2 1. 017E+02 4.9E-04 4.3E-04
4 20 5. 370E+01 215.2 8. 690E+01 4.5E-04 4.5E-04
i 21 4.580E+01 215.2 7.421E+01 5. 1IE-04 4. 3E-04
: 22 3.910E+01  215.2 6. 338E+01 5. 1E-04 4. 3E-04
23 3. 340E+01 215.2 5.415E+01 5.4E-04 3. 9E-04
24 2. B60E+01 215.2 4.624E+01 6. 0E-04 3.6E-04
25 2.430E+01 215.2 3. 950E+0} 6. TE~-04 3.4E-04
30 1. 110E+01 217.4 1. 783E+01 3.6E-04 1. 9E-04
35 5. 180E+00 227.8 7. 824E+00 1. 1IE-04 9.2E-05
¢ 4C 2. 530E+00 243.2 3. 625E+00 4. 3E-05 4, 1E-05
45 1. 290E+00 258.5 1. 741E+00 - 1.9E-05 1. 3E-05
. 50 6.820E-01 265.7 8.954E-01 6. 3E-06 4.3E-06
; 70 4.670E-02 230.7 7.051E-02 1. 4E-07 8. 6E-08
5 100 3. 000E-04 210.2 5. 000E - 04 1. OE-09 4,3E-11
28

A
. Nit.




Table 6.

Model Atmospheres Used as a Basis of the Computation of
Atmospheric Optical Properties (Cont.)

) SUBARCTIC SUMMER

R ol
0 1. 010E+03  287.0 1. 220E+03 9. 1IE+00 4.9E-05
1 8.960E+02  282.0 1. 110E+03 6. 0E+Q0 5.4E-05
2 7.929E+02  276.0 9. 971E+02 4. 2E+Q0 5. 6E-05
3 7.000E+02  271.0 8. 985E+02 2. 7TE+00 5. 8E-05
3 6. 160E+02  286.0 8. 0TTE+02 1. TE+00 6. 0E-05
5 5.410E+02  260.0 7.3244E+02 1. OE+00 6.4E-Q5
6 4.730E+02  253.0 6. 519E+02 5.4E~01 7. 1E-08
7 4,130E+02  246.0 5. 849E+02 2. 9E~01 7.5E-05
8 3.500E+02  236.0 5.231E+02 1.3E-032 7.9E-05
9 3.107E+02  252.0 4. 663E+02 4.2E~02 1. 1E-04
10 2.677TE+02  225.0 4. 142E+02 1. 5E-02 1. 3E-04
! 11 2.300E+02  225.0 3. 558E+02 9.4E-03 1.8E-04
12 1.877E+02  225.0 3. 058E+02 6. 0E-03 2. 1E-04
13 1.T00E+02  225.0 2. 630E+02Z 1. 8E~03 2. 8E-04
14 1.460E+03  225.0 2.260E+92 1. 0E-03 2.8E-04
15 1.250E+02  2325.0 1. 943E+02 7. 8E~04 3.2E-04
16 1.080E+02  225.0 1. 87 1E+02 6. 4E-04 3.4E-04
17 9.280E+01  235.0 1. 438E+02 5.6E-04 3.9E-04
18 7.980E+01  225.0 1. 235E+02 5. 0E-04 4.1E-04
18 6, 860E+01  225.0 1. 062E+02 4.9E-04 4. 1E-04
20 5.890E+01  2325.0 9. 12BE+01 4.5E-04 3.9E-04
21 5.070E+01  125.0 7.849E+01 5. 1E-04 3.8E-04
22 4. 360E+01  225.0 6. 750E+01 5. \E-04 3.2E-04
23 3.750E+01  225.0 5.805E+01 5.4E-04 3.0E-04
24 3.227E+01  236.0 4.863E+01 6. OE-04 2.8E-04
25 2.7B0E+01  228,0 4.24TE+01 6.7E-04 2.6E-04
30 1.340E+01  235.0 1. 338E+01 3. 6E-04 1. 4E-04
s 6.610E+00  2.7.0 8. 814E+00 1. 1E-04 9.3E-06
\ 40 3.400E+00  262.0 3. 404E+00 4.3E-08 4. 1E-08
45 1. 810E+00  274.0 1. 817TE+00 1. SE-08 1. 3E-05
50 8. 870E-01  277.0 9.868E-01 6. 3E-06 4. 3E-06
70 7.070E-02  216.0 7.071E-02 1. 4E-07 8.6E-08
100 3.000E-04 210.0 5. 000E-04 1. OE-09 4.3E-11
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Table 6.

Atmospheric Optical Properties (Cont. )

Model Atmospheres Used as a Basgis of the Computation of

SUBARCTIC WINTER

Ht.

Pressure Temp. Densit Water Vapor Ozone

(km) (mb) ©K) (g/m%¥) (g/m3) (g/m?)
1. 013E+03 257. 1 1. 372E+03 1. 2E+00 4. 1E-05

1 8. 818E+02 259.1 1. 193E+03 1. 2E+00 4. 1E-05
2 7.TTSE+02 255.9 i, 058E+03 9. 4E-01 4. IE-05
3 6. T98E+02 262.17 9, 366E+02 6. BE-01 4, 3F-05
4 5.932E+02 247.17 B. 339E+02 4. 1IE-01 4. 5E-05
5 5. 158E+02 240.9 7.457TE+02 2.0E-01 4. 7K-05
6 4.467TE+02 234.1 6. 646E+02 9. 8E-02 4, 9F-05
7 3. 853E+402 227.3 5. 904E+02 5.4E-02 7. 1E-08
8 3. 308E+02 220.6 5.226E402 1. 1E-~-02 9. 0E-05
9 2. 829E+02 217.2 4, 538E+02 8.4E~03 1. 6F-04
10 2.418E+02 217.2 3. 879E+02 5. 5E~03 2.4E-04
11 2. 067TE+02 217.2 3. 315E+02 3.8E~03 3.2E-04
17 1. T6EF+02 217.2 2, 834E+02 2.6E-03 4, 3E-04
13 1. 510E+02 217.2 2.422E+02 1. BE-03 4. TE-04
14 1.291E+02 217.2 2, CT1E+02 1. 0E-03 4. 9E-04
15 1. 103E+02 217.2 1. T"T0E+02 7.6E-04 5. 6E-04
16 9.431E+01 216.6 1. 517TE+02 6.4E-04 6.2E-04
17 8.058E+01 216.0 1. 300E+02 5.6E-G4 6§.2E-04
18 6. 882E+01 215.4 1. 113E+402 5.0E-C4 6.2E-04
19 5. 815E+01 2i4. 8 9. 529E+01 4. 9E-04 6. OE-04
20 5. 014E+01 214.1 8. 1551E+01 4.5E-04 5.6E-04
21 4.277E+01 213.6 6. 976E+01 5. 1E-04 5. 1IE-04
22 3.647TE+01 213.0 5. 966E+01 5. 1E-04 4. 7TE-04
23 3. 109E+01 212.4 5. 100E+01 5,4E-04 4.3E-04
24 2.649E+01 211.8 4. 353E+01 6. 0E-04 3.6E-04
25 2,256E+01 211.2 3.722E+01 6.7E-04 3.2E-04
30 1. 20E+01 216.0 1. B45E+01 3.6E-04 1. 5E-04
35 4. 7T01E+00 222.2 7. 36BE+00 1. 1IE-04 9. 2E-05
40 2,243E+00 234.7 3. 330E+00 4, 3E-05 4. 1E-05
45 1. 113E+00 247.0 1. 568E+00 1.9E-05 1. JE-Q5
50 5.719E-01 259.3 7.682E-01 6.3E-06 4.3E-~-06
70 4.016E-02 245.%7 5. 695E-02 1. 4E-07 8.6E-08
100 3. 000E-04 210.0 5. 000E-04 1. 0E-09 4.3E-11
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Table 6.

Model Atmospheres Used as a Basis of the Computation of
Atmospheric Optical Properties (Cont. )

U.S. STANDARD ATMOSPHERE, 19062

G e TeRy Roay w“f:'m? Quens,
0 1. 013E+03 288.1  1,225E403 5, 9E+00 5. 4E-05
1 8.986E+02 281.6 1. 111E+03 4. 2E+00 5. 4E- 065
2 7.950E+G2 275.1 1. Q0TE+03 2.5E400  5.4%-05
3 7,012E+02 268.7 9, 093E+02 1.8E+00  5,0K-05
4 6.16SE+02 262.2 8, 193E+02 1. 1E+00  4,61-05
5 5.405E+02 255.7 7. 364E+02 6. 4K-01 4, 5E~05
6 4,7223E+02 249.2 6. 601E+02 3, 8E-01 4.5E-08
7 4, 111E+02 242.7 5. 900E+02 2. LE-01 4, 8E-05
8 3, 565E402 236.2  5.258E+02 1, 2E-01 5, 2E-05
3 3.080E+02 220.7 4, 67LE+02 4,6E-02  17.1E-05

10 2.650E+02 223,2 4. 135E+02 1.8E-02 9, 0E-05
11 2, 27T0E+02 216,8 8, 648E+02 8. 2E-03 1. 3E-04
12 1,940E+02  216.6 3. 112E+02 3. 7E-03 1. 8E-04
13 1,658E+02 216,6 2. 666E+02 1. 8E-08 1, TE-04
14 1. 417E4+02  216.6 2, 279E+02 3. 4E-04 1. 9E-04
15 1.211E402  216.6 1, 948E+02 7.2E-04  2.1E-04
16 1. 035E+02 216.6 1. 665E+02 6. 1E-04 2, 231-04
17 8.850E+01 216,6  1.423F+02 5,2E-04 %, 815-04
18 7.565E+401  216.6 1, 216E+02 4.4FE-04  3.2E-04
19 6.467E+01 216.6 1, 040E+02 4, 4E-04  3.51-04
20 5.529E401 216,6 8. 891E+01 4,4E-04  3,BF-04
21 4, 720E+01  217.6 7, 572E+01 4.8E-04  3.8E-04
22 4.047E401 218.6  6.451E+01 5. 2E-04  3.9E-04
23 3.467E+01 3219.6 5, 500E+01 5.7E-04 3. 8E-04
24 2.972E+01  220,6 4. 694E+01 6.1E-04  3.6E-04
25 2.549E+01 221,86 4. 003E+01 6.6E-04  3,4E-04
30 1.197E+01  226.5  1,841E+01 3,8E-04 2, 0E-04
35 5.746E+00 236,5 8, 463E+00 1. 6E-04 1. 1E-04
40 2,BTIE+00  250,4 3, 996E+00 6. TE-05 4. 9E-05
45 1,491 F+00 264. 2 1, 966E+00 3. 2E-05 1. 7TE-05
50 7.978E-01 270,6 1, 027E+00 1. 2E-05 4, 0%-06
70 5.520E-02 219,7 8, 754E-02 1. 5E-07 8. G13-08
100 3.008E-04 210.0 4, 989E-04 1, 0E-09 4. 36-11
31
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5. COMPUTATIONAL TECHNIQUES FOR MOLECULAR ABSORPTION

A Lorentz line profile as given in Eq. (4) was assumed for each line in the
lower atmosphere except as modified (see Section 2) for carbon dioxide lines.

Sa
k= (4)
Tl - ) + o)

In Eq, (4), S is the line intencity, o is the half-width, v o the central line frequency,
and v the laser frequency. For pressures less than 10 mb, a Voigt profile15 is
used in the calculations. The laser frequency (v) is assumed monochromatic for
the purposes of this calculation, Iu general, a large number of absorption lines
belonging to different molecules contribute to the attenuation at any specific laser
frequency, so the total absorption coefficient must be evaluated as indicated by

Eq. (5)

S..a.m.
e T3 uwm o o
3 1 W[(v-vij) +aij]

th absorbing gas and where i is an index

where mj represents the amount of the j
over all lines belonging to the same molecular specie and m, is the molecular
abundance of the jth molecular species per kilometer. !

Pressure broadening enters through the « values, the Lorentz line width
being given by @ = a P/ P, TO/ T, The line intensity (S) is also temperature
dependent through the population of the lower state of the transition and through
the partition functions. These temperature and pressure effects have been included
for all lines. As indicated in Section 2, the LASER program considers all line
wings within 20 em ™1 of the laser frequency in question as contributing to the
absorption coefficient and all lines outside of this 20 em ™} limit are omitted in
the calculation.

The extinction due to molecular scattering, aerosol absorption and aerosol
scattering are separately computed and tabulated in the output from LASER, The
total extinction coefficient for a given path can then be obtained by summing these
four componeants as indicaied in Eq. (1). The transmission for a horizontal path
is then given by Eq. (6) where 7 is the transmission and R ig the range in
kilometers

15. Young, C. (1965) J. Quant. Spectrosc. Radiative Transfer 5:549,
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) = exp [-y@w) R] . (6)

6. RESULTS

The results we wish to descwibe here fall into three categories: {1) The
LASER Computer Code which will be described and documented in Appendix A;
(2) Extinction Coefficients for a number oi specific laser frequencies generated
with the LASER computer program (see Appendix B); and (3) High resolution
spectral plots covering the regions between 740 and 1400 cm-1 (7.1 and 13.5 pum),
1880 and 2180 em™! (4.6 and 5.3 ym) and 2360 and 2960 em” ! (3.4 and 4.2 um)
which are given in Appendix C, We have provided spectra in Appendix C covering
the regions of laser emission by CO2, CO, and DF, We wish to emphasize dif-
ferences in the continuum model for water vapor in both the 8 to 14-um region
(740 to 1400 em 1) and the 3.5 t0 4.2 -um regions (2350 to 3020 em ™)) as well as
some modifications of individual line parameters primarily in the 3.5 to 4.2 ym
region. These "infinite' resolution spectra have been generated by perforning

monochromatic calculations at steps of 0.01 em™ 1

over the entire range of fre-
quency of each plot. Such gpectral plots can be generated with the computer pro-
gram provided in Reference 1 and the AFGL Atmospheric Line Parameters Com-
pilation discussed in Section 1 of this report. Figure C1 provides spectra for a
10-km horizontal path at sea level and Figure C2 provides spectra for a 10-kra
horizontal path at an altitude of 12 km.

Table 7 contains a detailed list of all laser frequencies for which extinction
coefficients were provided in an earlier report. 5 Based on our more up-to-date
absorption modeling, we have included revised molecular absorption coefficients
in Table 7, containing contributions from both discrete lines and molecular con-
tinuum absorption for three of the model atmospheres described in Table 5 at
sea level (Tropicai, U.S. Standard, and Subarctic Winter) and for the 11 to 12-km
altitude layer (only for the U.S. Standard Aimosphere).

A comparison of Table 7 with a similar table in Reference 5 indicates the
following: (1) Somewhat lower absorption coefficients for most of the CO, emis-
sion lines. This is principally due to the modifications made to the water vapor
continuum absorption. Occasionally, a line (such as the P40 line of COZ) shows
a drastic increase due to an error made in the earlier report. (2) The DF laser
emission region shows a significant increase principally due to the inclusion of
the water vapor continuum - absorption by the water vapor continuum was omitted
in thie spectral region in the earlier calculations. Occasionally the changes differ
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Table 7. Attenuation Coefficients for Laser Frequencies
€0, Laser Parameters Atmospheric Ab?orption Coefficients .
00011 -~ 10007 Height - O km (Sea Level) Height = 11-12 ki
-1
Rot. I0 vlem ). Krop. Ku.s. std.  sw Ky.s. std.
*p4Q 924.975 3.95 1.09 0.150 0.00150
P38 927.009 0.423 0.0718 0.0121 0.00108
P36 929.018 0.698 0.128 0.0163 0.00149
P34 931.002 0.428 0.0807 0.0164 0.00203
p32 932.961 0.432 0.0856 0.0190 0.00273
P30 934,895 0.442 0.0926 0.0220 0.00344
p28 936.805 0.445 0.0991 0.0255 0.00431
P26 938.689 0.449 0.10% 0.0287 0.00533
p24 940.549 0.458 0.1 0.0320 0.00632
*p22 942,384 0.460 0.116 0.0353 0.00741
*p2Q 944.195 0.480 0.125 0.0386 0.00838
*P18 945.981 0.468 0.124 0.398 0.00905
*P16 947.743 0.523 0,138 0.0426 0.00968
P14 949.480 0.467 0.124 0.0409 0.009€2
' P12 951.193 0.450 0.118 0.0392 0.00970
- P10 952.882 0.450 0.113 0.0364 0.00900
pg 954.546 0.437 0.104 0.0321 0.00786
FE 956.186 0.7 0.0917 0.0266 0.00640
P4 957.802 0.391 0,0766 0.0198 0.00448
*p2 959,393 0.432 0.0742 0.9133 0.00235
RO 9561.734 0.386 0,0597 0.00897 0.00117
R2 963.264 0.376 0.0689 0.0163 0.00349
| R4 964.770 0.373 0.0830 0.0234 0.00560
' R 966,251 0.427 0.100 0.0304 0.00752
i RB 967.708 0.424 0.108 0.035%7 0.00908
R10 969.14) 0.430 0.116 0.0396 0.010)
[ R12 970.548 0.536 6.141 0.0436 0.0107
. R14 971,93 0.473 0.132 0.0443 0.0108
§ *R16 973.289 0.523 0.144 0.0454 0.0106
! *R18 974,623 0.452 0.129 0.0432 0.0100
! *R20 975.931 1.32 0.329 0.0602 .0.00906
wR22 g77.21% 0.552 0.147 0.04067 0.90805
R24 978.473 0.425 0.111 0.0839 0. 0n687
R26 079.706 $.409 0.103 0.0301 0.00578
R28 980.919 0.402 0.0966 0.0266 0.00476
R30 982.097 0.485 0.115 0.0261 6.00380
R32 983.253 0.380 0.0817 0.0196 0.00323
R34 584.384 0.392 0.0796 0.0169 0.00231
I R36 985,489 0.360 0.0684 0.0138 0.00177
: R38 986.568 0.352 0.0633 0.0117 £.00128
‘ R40 937.621 0.345 0,0590 0.0101 0.00109 X
gooll = 10002 o
b : *p20 1046.854 0.409 0.142 0.0588 0.0364 !
? *P18 1048.661 0.430 0.152 0.0650 0,0672 |
! i *P16 1050.441 0.452 0.164 0.0735 0.0647 H
. *R16 1075.988 0.473 0.162 0.0614 0.0168 . :
*R18 1077.303 0.403 0.144 0.0581 0.0159
“ : *R20 1078.591 0.400 0.139 0.0546 0,015
} 2 :
1 34 : [
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Table 7. Attenuation Coefficients for Laser Frequencies (Cont. )

Atmospheric Absorption Coefficients

km~
DF Laser Parameter Height - 0 km (Sea Level) Height = 11-12 km
-1
Band ~ Rot. ID  y{cm ) Kerap, Ki.s. std. Ksw Ku.s. std.
1-0 Pl 2884.934 0.123 0.0612 0.0374 5.91E-3
p2 2862.652 0.0617 0.0320 G.0156 4.07E-4
P3 2839.779 0.0695 0.0225 4.73c-3 7.57E-5
P4 2816.362 0.0688 0.0215 5.19E-3 1.02E-4
P5 2792.437 0.0927 0.0302 9.48E-3 1.34€-4
23 2767.914 G.119 0.0410 0.0159 7.63E-4
P7 2743.028 0.0449 0.0160 7.00E-3 1.63E-4
*pg 2717.536 0.227 0.0682 0.0162 1.62E-4
P9 2691.409 0.0504 0.0189 9.45E-3 1.19E-3
*P10 2665.20 0.0611 0.0245 0.0143 1.40E-
P11 2638.396 0.531 0.164 0.0383 3.56E-4
P12 2611.125 0.0347 0.0127 5.83E-3 1.14E-4
P13 2584,91 0.0445 0.0219 0.0156 5.76E-4
P14 2557.09 0.0477 0.0309 0.0280 6.40E-3
P15 2527.06 0.0426 0.0241 0.0195 6.20E-4
: P16 2498.02 0.0602 0.0375 0.0330 1.11E-3
! 2-1 P3 2750.05 0.0710 0.0245 0.00954 2.53E-4
P4 2727.38 0.0663 0.0219 0.00747 9.81E-5
P5 2703.98 0.0408 0.0140 0.00562 1.03E-4
*Pg 2680.28 0.114 0.0391 0.0150 5.06E-4
P7 2655.97 0.106 0.0378 0.0167 5.93E-3
*Pg 2631.09 0.0382 0.0156 0.00947 3.23E-3
P9 2605.87 0.0820 0.0268 0.00924 1.82E-4 .
*P10 2580.16 0.0560 0.0373 0.0346 2.28E-3 ;
P11 2553.97 0.0419 0.0256 0.0232 1.156-3 :
P12 2527.47 0.0426 0.0247 0.0206 1.76E-3 3
i P13 2500.32 0.0553 0.0360 0.0327 1.76E-3 3
, P16 2417.27 0.125 0.0990 0.0994 3,52E-3 1
1 3-2 P3 2662.17 0.0611 0.0208 0.00773 1,926-4 :
i P4 2640.04 0.0%66 0.0301 0.0109 6.23E-4 :
. P5 2617.41 0.0316 0.0119 - 0.00592 1.53E-4
P6 2594,23 0.0458 0.0179 0.00904 2.316-4 "
P7 2570.51 0.0733 0.0510 0.0510 7.29€-3 t
*Pg 2546.37 0.0611 0.0432 0.0420 3,16E-3 !
P9 2521.81 0.0432 0.0248 0.0204 6.50E-4 3
*P10 2496.61 G.0631 0.0391 0.0342 1.15E-3 i
P 2471.34 0.0866 0.0596 0.0557 2.03E-3 2
P12 2445 .29 0.106 0.0820 0.0806 2.85E-3 %
P13 2419,02 0.124 0.0975 0.0978 3.47E-3 :
P14 2392.46 0.194 0.149 0.125 4.06E-3 H
. 4-3 P5 2532.50 .0414 0.0228 0.0181 5.73E-4 i
P6 2509.86 0.0490 0.0302 0.0261 8.67E-4 T
p7 2486.83 0.0652 0.0440 0.0406 1.45E-3 %
*Pg 2463.25 0.108 0.0695 0.0624 2.47E-3 §
P9 2439.29 0.110 0.086 0.085 3.06E-3
- *P10 2414.89 0.128 0.101 0.102 3,62E-3 §
5-4 p7 2404.63 6.135 0.106 0.106 3.77€-3
7-6 Pa 2222.68 0.344 0.327 0.299 2.30E-2 }
. *P10 2177.99 0.0874 0.0738 0.0599 1.99€-3 i
‘ - P} 2155.03 0.220 0.0677 - 0.0254 1.06E-3 i
P12 2131.68 0.290 0.180 0.175 4,09C-2 !
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Table 7. Attenuation Coefficients for Laser Frequencies (Cont.)

Atlmospheric Absorp{,\'on Coefficients
km™')

DE Laser Parameter (Cont.) Height - 0 km (Sea Level) Height = 11-12 km

IO

-1

Band  Rot. ID viem ") K¢ rop. Ki.s. std. 55.‘! Ku.s. Std.
8-7 p7 2165.93 0.0626 0.0423 0.0408 2.05E-3
P8 2144.80 1.55 0.377 0.0399 3.43t-4

P9 2123.24 0.259 0.0698 0.0190 3.63E-3

*P19 2101.27 -0.172 0.0584 0.0225 6.67E-3

P12 2056.14 0.144 0.0449 0.0192 7.67E-4

P13 2033.01 0.190 0.0472 0.00617 1.36E-5

9-8 P6 2108.48 0.0686 0.0229 0.00897 4.93t-3
P7 2088.34 0.562 0.140 0.0210 4,89E-3

P8 2067.76 0.932 0.262 0.0768 3.93E-5

*P10 2025.36 0.855 0.209 . 0.0277 2.73E-5

PN 2003.56 0.481 0.111 -~ 0.0148 1.50E-5

P12 1981.38 0.623 0.149 0.0187 1.08E-5

Atmospheric Absorption Coefficients
(km=1)
HF Laser Parameter Height ~ 0 km (Sea Level) Height = 11-12 km
-1

Band Rot. 0 w(em ') Kerop. Ky.s. std. Ksw Ky.s. std.
1-0 P11 3436.12 1.74 0.401 0.0449 0.06033
P12 3381.50 0.512 0.139 0.0237 0.00033

2-1 *Pg 3435.17 0.987 0.265 0.0400 0.00094
3-2 P6 3373.46 0.354 0.0952 0.0169 0.00091
4-3 P8 3130.09 0.698 0.212 0.0508 0.00025
P9 3083.83 1.14 0.356 0.0862 0 00153

5-4 P4 3150.67 0.289 0.0837 0.0167 0.00004
*Pg 2921.74 0.0231 0.00738 0.00300 0.000121

*p7 2880.70 0.0176 0.00494 0,000889 1.0E-6
P8 2838.59 0.323 0.0983 0.0190 0.000037

{
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!
}
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1-0

2-1

3-2

Table 7. Attenuation Coefficients for Laser Frequencies (Cont.)

Atmospheric Absorption Coefficients

(km=T)
C0 Laser Parameters Height - 0 km (Sea Level) Height = 11-12 km
-

Rot. 10 vfem ) *trop. K,s. std. Ksu K.s. std.
b2 2135,549 0.743 0.278 0.168 1.87€-1
*p14 2086.325 0.465 0.244 0.170 1.32E-1
P17 2073.267 0.703 0.257 0.108 5.00E-2
P18 2068849 0.329 0.159 0.106 3.65E-2
P21 2055. 402 0.173 0.108 0.0874 1.23E-2
P22 2050.856 0.184 0.0813 0.0465 6.716-3
P25 2037.027 0.520 0.148 0.,0344 1.82E-3
P26 2032, 354 0.221 0.0665 0.0158 _ 9.88E-4
P27 2027.651 0.853 0.245 0.0488 < 9.82E-4
P30 2013, 353 0.603 0.158 0,0235 8.86E-5
Pl 2112,977 0.120 0.0324 0.00766 4 BBE-4
p2 2109.132 0.0695 0.0314 0.0183 6.95E-3
P3 2105, 256 0.131 0.0408 0.0113 2.73E-3
P4 2101.342 0.144 0.0448 0,0142 3.76E-3
p7 2089.393 1.95 0.480 0.0601 4,81E-3
P8 2085,343 0.232 0.0716 0.0303 2,57E-3
P9 2081.258 0.189 0.0551 0.0155 1,14E-3
P11 2072.987 0.421 0.129 0.0353 1.94E-3
P12 2068. 802 0.295 0.125 0,0753 5_21E-3
*P15 2056046 0.193 0.0526 0.0171 6.51E-4
P16 2051,729 1.42 0.317 0.0375 9.25£-4
P17 2047.379 0.457 0.161 0.0715 2 .63E-3
P19 2038.582 0.450 0.123 0.0242 2.92E-4
P21 2029.656 0.195 0.0521 0.00853 3.25E-5
p22 2025.145 0.650 0.166 0.0237 3.02E-5
P25 2011.423 0.498 0.130 0.0184 1.45E-5
P26 2006.786 0.977 0.249 0.0332 1.90F-5
P27 2002.118 0.357 0.0968 0.0159 1.29E-5
P28 1997.419 1.07 0.297 0.0519 §.07E-5
P1 2086,594 0.474 0.122 0.0246 2.20E-3
P2 2082,784 0.128 0.0372 0.0110 8.42E-4
P3 2078,940 0.778 0.270 0.116 3.72E-2
P4 2075.061 0.388 0.110 0.0249 3.47E-3
P5 2071.148 0.148 0.0449 0.0157 .87E-4
P6 2067.200 0.816 0.232 0,0629 2.50E-3
P7 2063.218 0.968 0.274 0.0723 2.45E-3
P8 2059,203 0.641 0.182 0.0423 9.16E-4
P10 2951,071 0.425 0.123 0.0263 6.10E-4
P11 2046.954 1.07 0.264 0.0358 2.34E-4
P12 2042.8064 1.80 0.489 0.0903 8.93E-4
P13 2038.621 0.452 0.123 0.0215 2.48E-4
P14 2034,405 1.1 0.259 0.0255 3.24E-5
*P15 2030.157 0.440 0.1Mm 0.0144 1.64E-5
P16 2025.875 1.33 0.349 0.0539 6.55E-5
P17 2021.561 0.897 0.227 0.0307 8.00E-5
P19 2012.835 0.693 0.184 0.0262 2.75E-5
P20 2008,424 1.99 0,511 0.0704 4.18£-5
P21 2003.981 .0.360 0.0921 0.0137 1.46E-4
P25 1985.891 1.38 0.368 0.0550 3.32E-5
P26 1981.290 1.12 0.244 0.0241 1.18E-5
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€0 Laser Parameters (Cont.)

Table 7. Attenuation Cocfficients for Laser Frequencies (Cont. )

Band Rot. 1D v(pm_])
3-2 p27 1976.658
P28 1971.995

P30 1962.577

4-3 P2 2056.506
P3 2052.697

P4 2048.853

P5 2044.975

P7 2037.116

P8 2033.135

P9 2029.121

P10 2025.074

P11 2020,993

P13 2012.731

Pi4 2008.550

*P15 2004.337

P17 1995,.812

P20 1982.783

P21 1978.375

P22 1973,936

5-4 P2 2030.297
) 2014.993

*p7 2011.082

P8 2007.127

P9 2003.158

P11 1995.100

*P14 1982.764

*pl§ 1978.586

*Ple 1974.376

P21 1952.238

P25 1935.035

P26 1930.506

6-5 p2 2004.155
P3 2000.415

P4 1996.641

P7 1985.115

P8 1981.205

PS 1977.261

P10 1973.284

*p1s 19852.901

P19 1936.007

7-6 P3 1974.409
P4 19/0.670

P6 1963.089

P7 1959,247

P14 1931.380

“trop. .5, Std.

—'-'—'-‘O-—'—‘OONO—‘OO—'—‘—JOOO—‘OND—'ODOO—'O—'O—‘OOOOOOOO—‘O.—‘

26

.709
.57

177
.144
.358
.907
.666
.215
.206
.599
.01

.691
.69

.362

32

.759
.323
444
414
.96
.589
.08
449
.90
.784
.309
.461
.04
.50
.37
.820
.892
.22
.835
.30
.516
.502
.06
.42
.453
.30
A4
.09
.51

Atmospheric Absorpt

(km~

Height - 0 km (Sea Level)

0.36.
0.192
0.428
0.105
0.0443
0.119
0.250
0.178
0.0529
0.0563
0.155
0.260
0.185
0.441
0.0915
0.351
0.205
0.0878
0.121
0.104
0.509
0.154
0.528
0.114
0.504
0.213
0.0836
0.125
0.284
0.408
0.373
0.187
0.249
0.316
0.221
0.481
0.143
0.136
0.290
0.386
0.123
0.348
0.381
0.295
0.407
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fsu
0.0735
0.0310
0.0680
0.0891
0.0154
0.0521
0.0444
0.0356
6.75E-3
0.0101
0.0229
0.0359
0.0262
0.0636
0.0126
0.0545
0.0304
0.0146
0.0196
0.0135
0.073}
0.0220
0.0696
0.0156
0.0778
0.031
0.0136
0.0201
0.0474
0.0720
0.0610
0.0179
0.0447
0.0475
0.0331
0.0369
0.0252
0.0218
0.0482
0.0643
0.0200
0.0543
0.0609
0.0482
0.0664

Height =

=

-—‘-hhh)—'—’&l\)l\)—‘l\)crwm\l—‘-b—-'—‘~5m—"—'—‘—'—"—‘WNW—'L"\U)LAO\m—'ml\)—‘-bbl.ﬂ-l’-'-@ o}

ign Coefricients

11-12 km

.S, Std.

L21E-5
77E-5
.50E~-5
.73E-3
.B6E-4
.92E-3
N7E-4
V138-3
.51E-5
.78E-5
.88E-5
.06E~5
.66E~5
J2E-5
.73E-5
.56E-5
.71E-5
.05E-5
.53E-5
.89E-5
.46E-4
.54E-5
.78E-4
.06E-~5
.16E-5
.00E-5
.67E-5
.52E-5
L43E-5
.12E-3
.10E-5
.D4E-5
.69E-5
LO/E-b
.73E-5
.52E-5
1185
.31E-5
.29E-5
.20F-4
.49E-5
.77E-5
.75E-5
L97E-E
J19E-4




from a constant offset and appear more erratic. Such variations are due to some
modified absorption line data and are exemplified by the P10 line of the 7-6 vibra-
1 which has actually decreased by about
(3) Changes in

tional transition located at 2177. 99 cm
50 percent despite the inclusion of the water vapor continuum.
absorption coefficients in the HF and CO emission region result principally from
changes in the molecular absorption line parameters.

Laser emission frequencies identified with an asterisk in Table 7 have been
used as input to the LASER program and charts of the four extinciion coefficients
identified in Eq. (1) have been included in Appendix B. The determination of
which charts to include in Appendix B and which to omit was based on the follow -
ing: (1) In view of the capability for the user to use the LASER program for his

own purposes, it seemed unreasonable to include charts for all previously published

laser frequencies, even though revisions can be made i¢ all previously published
results; (2) charts are included for several lines which the authors have found to

be of great current interest; (3) charts are included for a few laser frequencies

where previously published results are felt to be in gross error.
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Appendix A

The LASER Computer Program

A general flow chart for LASER is given in Figure Al which shows the basic
routines of the computer program. More detailed flow charts are given in Fig-
ures A2, A3, and A4 for the main program (LASER) and the subroutines ATMOS
and CONT, respectively. The main program reads in the atmospheric models and
all other data. The basic molecular absorption coefficient due to discrete absorp-
tion lines is performed in subroutine ATMOS. BSubroutine CONT adds in the
various sources of continuous extinction: Molecular scattering, molecular absorp-
tion continua, aerosol absorption and scattering effects. There are no flow charts
provided for either the RDTAPE or VOIGT subroutines. The RDTAPE subroutine
simply reads the AFGL Atmospheric Absorption Line Parameters Tape and places
in storage the molecular absorption line data pertinent to the laser emission fre-
quencies and atmospheric path defined as input, The VOIGT subroutine computes
a combined Doppler-Lorentz line shape when the atmospheric pressure is between
10 mb and 0.1 mb. The VOIGT subroutine has been taken from the work of Youngl
where a complete description of the mathematics used in the computer routine can
be obtained.

Following the computer flow charts, we have provided a complete listing of
the LASER computer program, together with all required input data. If the user
desires an extinction coefficient chart similar to those provided in Appendix B,
he need only add a single card to the data deck corresponding to the READ state-
ment at Line A 187 in the main program (PROGRAM LASER). Thais card must have

5
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the frequency (in cm~ 1) and the BOUND value (correspounding to the maximum fre-
quency spcread from an absorption line center that its contribution will be consid-
ered) according to the FORMAT (2F'10.3). The following is an example of the
input da.sa required on this card to generate the laser extinction coefficient chart

1

corresponding to the laser emission frequency, 924. 975 cm’” * in Appendix B:

*%kQ24, 975%*%%%2 0, 000

If the Bound value is not specified, & default option in the LASER program
will set it equal to 20. 00.

If the user of the LASER Program wishes to insert an atmospheric model that
differs from the six models available as standard input, it is necessary to sub-
stitute his data (or model) for one of the standard models in the same format,
with quantities provided in the:same units as indicated in Table 5, and with the
same number of atmospheric levels used to describe the model. The easiest way
to insert an alternative model is to maintain consistency with the height structure
indicated in the models of Table 5. That is, temperature, pressure, water vapor
and ozone data should be inserted for the same 33 altitude levels defined in .
Table 5. Although a complete 33-level model should always be defined, it is ;
appropriate to substitute data for any one or more levels in one of the models, :
in order to obtain results for a problem where a more limited set of atmospheric "
data is available. If the user intends to deviate further from the form of these
models, it will be necessary to perform additional modifications to the computer
program.

Due to the small variations in molecular scattering coefficients among the six
standard atmospheric models, we have only provided these results for the U, S. ;
Standard Atmosphere. If the user desires moiecular scattering coefficient results :
for any olher model, he need simply interchange the desired atmospheric model
to the position of the sixth model.

A definition of all variables used in program LASER is contained in the com-

puter listing. Copious comment cards have been used throughcut in an effort to
provide for the user the required detailed understanding of the physics and the
flow of logic in the program.
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PROGRAM LASER
(Main Program)

— o< > | i

| Yes
i

a

[ cALL PRNT |
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Atmospheric Models

-
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, Absorber Concentration
! for Each Molecular Species
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T O

Read ‘ i
Aerosol Models

Invert Aerosol ; .
Data Array : .
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FREQ and BOUND
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Figure A2. Detailed Flow Chart for LASER Program - -
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SUBROUTINE ATMOS

l CALL RDTAPE i

—=l Select Model Atmos. |

Atmospheric Layer
Loop

D0 18 K = 1,ITP |

Calc
Rotational Partition
Temperature Denendence
Corraction

!

poY? I =1,I

Doppler
Broadening

e

% 0.1 mb

Absorption Line Loop

>10 mb

Lorentz
Shape

Voigt
Shape

L o

No

No

AN
Models
Processed

No

[ caL covt |

A
{_ahtput Results ‘

Y

[ retumn |

Figure A3. Detailed Flow Chart for Subroutine ATMOS
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SUBROUTINE CONT

~{ Select Model Atmos. |

D017 K = 1,I1° -

> Atmospheric Layer
Loop

Calc
Rayleigh Scattering

\

Vv <400 4
V> 2800 ,/ IF
v

1250V < 2000

Y

400V <1250 2000 € V<2350
8-14 Micren N2 Continuum
HZO Continuum
L
IF
No K= ITP
Yes
AN
No Models
Processe
Yes
Figure A4.

1

2350V <2800
3.5 - 4.2 Micron
H20 Continuum

N2 Continuum

Detailed Flow Chart for CONT Subroutine
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SUBROUTINE CONT
{Contd)

1

Calc

- Vertical Aerosol

Scaling Factor

A

302100 9« 2<30
' Meteorit Dust Clear
Background
Stratospheric
Hazy
Aged Volcanic

2<I<9
Tropospheric

0€I<2
Rural

e e =

Alternate Boundary

Layer Aerosol
Models

] RETURN l

Figure A4. Detailed Flow Chart for CONT Subroutine (Contd)
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PROGRAN LASFR(INPUT,0UTPUT,TAPEZ) A 1
C LASER CALCULATES ATHMOSPHERIC TRANSMITTANCE THROUGH ATHCSPHERE WLTH ITP A 2
C LEVELS AND PRINTS OUT WALUES FROHM LOWESY PRESSURE TO FACH LEVEL, A 3
[ A 4
¢ A INPUT DATA FOR VOIGY SUBRCUTINE A S
c AAR AEROSOL ABSORPTION CNEFFICTENT - INPUT DATA A 6
c ALFAD LINE HALF WIDTH A7
¢ AML HEIGHT INCIFMENYT = IAPUT DATA A 8
c ARSMOOL  AEROSOL MONEL - INPUT DATA A 9
c ASC AEROSOL SCATTFRING CCEFFICIENY ~ INPUT DATA A 1D
c ATHOOL ATMOSPHERIC MOOEL ~ INPUT DATA A 11
c BOUND LIMIT UUTSINE OF WHICH LINF CONTRIAUTIONS ARF KNOT A 12
c CONSIDERED = INPUT DATA A 13
c CAS CLFAC AFROSOL SCATTERING GOEFFICIENT (50 KM SEA LEVEL A 1
c VISIRILITY) - OUTPUT DATA A 15
c CAY MOLECULAR ABSORPTION COEFFICIENT = OQUTPUY DATA A 16
c cHI MODIFICATION TO THE LORENTZ LINE SHAPF FCR CO02 A 17
c - INPUT DATA a 18
c CN2 NITROGEN CCNTINUUM ABSORPTION COEFFICIENT -~ INFUT QATA & 19
[ CON WATES VAPOR CONTINUUP COEFFYCIENT FOR 3.5-4¢2 MICRONS A 20
c ~ THNPUT UATA A 21
c CFLTA? DIFFERFENCE RETWEEN THO ADJACENT LAYERS A 22
c ONU FREQUEMCY TNCREMENT ASSOGIATED WITH LOREANTZ MOCIFICATION A 2%
[4 ~ INPUT DATA A 2?4
[ FPP ENFRGY OF LOWER SYATE OF TRANSITION A 25
[ FA AEROSOL HODFL FREQUENGY = INPUT DATA A 26
c FKC INIVIAL FREQUENCY FOR THE 3.5-&,.2 WATER VAPOR CONTINGLUM & 27
c ~ INPUT DATA A 78
c FNZ NITROGEN CONTINUUM AESORPTION GCOEFFICIENTY FREGUFNCY A 29
4 ~ INPUT DATA [ 1]
[ GNUY LINE FRFQUENCY A 3L
[ HAS HAZY1 AEROSOL SCATTERING COEFFICIENY (5 KM SEA LFVEL A 32
c VISIBILITY) - OUTPUT DATA 4 3
c HC ONV 0.1%3.34F422 MOLECULESZCM2 A 34
[ HH INPUT DATA FOR YOTIGY SUBROUYTINE & 35
[ HI4 VERTYCAL STALING FACTOR FOR GLEAR AEROSOL MOOFL A 18
[~ ~ INPUT DATA A 3r
[~ HZ2 VERTICAL SCALING FACTOR FOR HAZY AEROSCL MODEL A 28
[+ ~ INFUY DATA A 29
c IPRNT PRINT TONTROL FOR SUBROUTINE PRNT. IPRNT= 1, CALL PRNT A 40
c ire NUMBFR OF ATHOSPHERIC LAYERS - INPUT DATA A 61
t J7 NUMBFR OF FLEHENTS IN THE LORENTZ MODIFIGATION FACTOR A 62
c - INPUT DAT2 A ux
¢ KSAM NUMGFR OF HODEL ATMOSPHERES = INPUT DATA A Wb
c MOL MOLECULE IDENTIFIER (1= H20, 2= CO02, 3= 03, &= N20, A uS
[ 52 CO,y 6= CH4, 7= 02} A k6
[+ NH NUMBER OF ELEMENTS FCP THE VOIGT INPUT DATA HH AND XX A u?
C O3CON CONVERSION FACTOR FRCM GM/M#%3 TO MOLFCULES/GP*e2 A b
c P ATMOSPMERIC LEVEL PRESSURE = INPUT NATA A w9
c S ABSOKPTION LINE INTENSITY A 5D
4 SEC SECANT ANGLE A 51
¢ T ATMOSPHERTIC LAYER TEYFERATURE - INPUT 0ATA A S2
c TAL CLEARt AFROSOL ABSORFTION COFFFICIFNT - CUTPUT DATA A 5
[ TA2 HAZY$ AEROSOL ABSORPTION COFFFICTENY - OLTPUT CATA A %Y
c TEMPY TFMPORARY DATA STORAGE FOR AFROSOL VARYAELE FA A S5

X c TEMP2 TEMPORARY DATA STORAGE FOR AEROSOL WARIAJLE ASC A 56
! c TEMPS TFMPORARY 0ATA STORAGE FOR AEROSOL YARIABLE AAB A 57
H [ ™ RAYLFIGH (MCLECULAR) SCATTERING COEFFICYENT A ©8
: c - OUTPUT DATA A %9
c UNF UNIFORPLY MIXED GAS CONSTANTS FOR: 02, Mh2C, CO, CH4, 02 A 60
[ v FREQUENCY AT WHICH THE EXTINCTION COEFFICIENT ARE AEING A &)
[ CALCHLATED - INPUT DATA A &2
L} vYop {{PPFR FRFNDIFNCY 1 TMTT FOR THF 1 TAF NANTRTIRLTTCAS. a (%]

N A
B T T
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SINTITINITNIITIODOOOCH

TFOOIIOO

DO

VTOP= y¥+BOUND

" ABSQRBER CONCENTRATICN

WBAR MEAN WATER VAPOR CONCENTRATION FOR A LAYER

NG SEA LSVEL VALUES OF MOLECULAR ABUNNANCES

WH MATER VAPOR CONCENTRATION AT A SPECIFIC (EVFL

WH1 SCALE HEIGHT ASSCCIATED WITH WATER VAPQR

W3 SCALE HEIGHT ASSOCIATFD WITH OZONE

WO O20NF CONCENTRATION AT A SPECIFIC LEVEL

W03 MFAN OZONF CONCENTRATION FOR A LAYER

W1D INTERMEOIATE QUANTITY ASSOCIATED WITH COMPYTING
INTFGRATED WATFR AMOUNT

LEN] INTFEMEDTATE QUANTITY ASSOCIATED RITH COMPUTING
INTEGRATFD OZONF AMQUNT

XX INPUT DATA FOR ¥OIGT SUBROUTINE

Z ATMOSPHERIC HEIGHT (KM)

COMMON GNUCL1000),5(1000) ,ALFAQO(1C00),EPP(1000),H0L(1L000)
COMMON Z2(6L0Y,P(6L0) s T(6,40) W (697,400 CAYLG,40) +MHG(6,T)
COMMON THUE,LO) ,TAL (L 80),TAP (4,80}

COMMON FAC(7,70) ASCU7,70),ARALT 70 sCASIT 40}, ,HAS(?,40)
COMMON 7#ALK1/ JY,DNUL20),CHIC2C) AMLCLD)

COMMON /8LK27 FKCyCON(2O)oFN2{100),CN2C100) ,HZL (40} HZZ{40)
COMMON /BLK3/ NHyHHOL10) o XX (100 yA142)

DTHENSTON ATMONL (6420, ARSHMODL (7,4)

DIMENSICN UNF(7), HHUG,40), WO (6.+4&D)

DATA (UNFUMY M= 147)1/0.00P.102E421500045.916E¢18,1.€14FE¢18,3,443E+1
19,4.519E¢24/

TATA HCONV,03SCON/3.34F+21,1.255E+21/

PRINT 16

IPRNT=1

IF (IPRNT.F0.1) CALL PRNT

vTOP=0

PEAD 17, ITP,SEG.KSAM

PRINT 18, TYR,SFC,KSAM

N0 1 T=1,6

RFAD 18, (NGIX,M),H=1,T)

CONTINUF

PRINT 200 UIWGUT WMD)y M=1,7),1=1,6)

K= 1 TROPICAL

K= 2 MIQLATITUNE SUNNER
K= 3 MIDLATITUDE WINTFR
Kz & SUBARCYIf SUMMER
K= 5 SUBARCTIC WINTER
K= 6 U,S5. STANDARD

N0 2 J=1,3%

Iz=2%J

I1=12~1

READ 21, (CATHODL(T,TI)+»11=1,2),1=11,12}

N0 2 L=1,17P

K-ITP-L+t

RFAD 22, Z(X) o (PUI KD pTCI LK) HHIT4K) HO(I,K),I=I1.12)
CONTINUE

MOLECULAR DENSTYIFS ARE ASSUHET TO DECRFASE EXPONENTIALLY
BETHWEEN CONSFCUTIVES LEVELS.

K1=1TP-~1

00 6 I=1+6

nn 6 X=1,K1
HAAR=(HH(T X} +WHIT,K*1}) /2.0
HOX= (HO (I, KN #WO(T,K+1)} /2.0
NELTA7=7{K)=-7(K+1}

HiD=WH (T«K)/WHIT K¢l
HIO=HO(T4K ) /HO (T K+ 1)
HH1=2=DFLTAZ78L0G (A1)

PP PP EBPBRRP PRI DD REDDEDDB L AP DD PDPEDD PP DB RPN PP

64
£5
66
67
hA
69
70
71
7?
T3
T4
75
76
14
78
79
np
2y
£2
"y
ry
as
£6
134
L1]
£9
o9
a1
az
ax
ay
as
96
97
ana
ay
100
101
112
103
104
105
106
107
108
1ng
110
111
112
113
116
115
118
117
113
119
120
171
122
123
174
125
126
127
123
129

[

el s i
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200

OO

11

[P

12

13
14

15

PRSI

WHI=«NFLTAZ ZALOGIN3D)

IF €(AAS(W1D-1.00),L7.0.1) GO TO X
WiTg1yKI=HHLI*HCONV* (WNH(I,K+1)~HH(I,K))
GO TO &

H{le1yK)=HOAR*HCONV*NFLTAZ

IF (ARS(W3I0-1.00).1LT.0.1) GO TC S5
WIIe3,KI=HHI*OXCON® (MO(TI,K*1)~h0O(Y,K))
GO T0 6

H{I,T,K)=HOX*OICON®DELTAZ

CONTINUE

no 9 1=1,6

PRINT 23, (ATHMODL(I,IN),1I=1,2)

THE MOLECULAT NENSITIES OF UNIFORNLY HIXEO GASES IN A GIVEN LAYER

TS DIRFCTLY PELATED TO THE PRE SSURF INCREMENT BETWEEN
THE LAYFR BOUNDARIES,

0D 7 K=1,K1

no 7 M=1,7

IF (M.FQ0.1.0R,.M,.€0.3) GO YO 7

HET M K= {(PLT 4K+ =PI, K) }/1013,0) *UNF (M)
CONTINUE

00 8 K=1,x1

PRINY 24y (ZUKD oPUToXK)aTUI X1y CH{TgM,K) M23,7))
CONTINUE

PRINT 24, ZCITP)I,PCI,ITP),TULI,ITP)

CONTINUE

00 10 TI=4,7

READ 25+ (ARSHODL(T.ID ,TI=1,4)

READ 264 (FATIVJIoASCHI, IV 2AAB(TsJIY s d=1,51)
CONTINUE

FOR OUR PURPOSFS THE AEROSCL EXTINCTION GOEFFICIENT ARRAYS
ARE JINVERTED,

00 11 I=1,7

D0 11 J=1,30

L=fi-Jey

TEMPYI=FALI,L)

TEMP2=ASC(I,.L)
TFHP3I<AAB(TI,L)

FALT LY=FALI, D)
ASGCLI,Li=ASCUI,

AAR(I L)=RABLI, )
FACI,JV=TEMPY

ASCUI,J)=TENPZ
AAS{I,J)=TEHPY

CONTTINUF

N0 12 I=1.7

Do 17 J=1,61

FALI, J)=1.0E404/FACT, )
GCONTINUE

PRINT 16

DO 13 I=1,7

PRINT 27, (ARSHMOOLUTILIN ,IT=1,4)
PRINT 2%, (FA(I,J}ASCIT+J),AABCI J),5=1,61)
CONTINUE

READ 29, Y,BOUND

IF (BOUND.LE.0.0) AOUND=20.0
FEMIND 3

IF {¥<.€Q0.0) GO TO 15

IF (V.LV.VTOP! REWIND 3

CALL ATMOS (VyBOUNDyVTOP,SEC,ITF,KSAM)
60 10 &

CONTINUE

NALL FXTT
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130
131
132
133
13
135
136
137
138
139
140
164
142
143
14e
145
166
187
148
143
150
is
152
153
5%
155
156
157
158
159
160
164
162
163
1hk
165
16€
ie7?
168
169
i70
ir1
172
173
174
175
176
177
178
179
im0
181
ing
183
ing
185
186
187
1an
1689
190
101
182
193
194
195
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16
17
18
i9
20

21
??
23

SO00ONOODOIDNNONAOND IR0 HOONGOOODNIODONO0

FOPMAT (1HY1)

FORMAY (I3,F7.3,I3)

FORMAT (/727776 X, *1TP=2]2/RA3%,*SEC*F6,3/763X,*KSAM=*]3)

FORMAT (7F10.,3)

FORMAT (/77/7776AX*SFA LFVEL VALUFS OF MOLECULAR ABUNTANCES*/GBX,*(
1MOLECULES/SQ CH/KMI*/ (32X, 7 (1PEL10.2)))

FOFMAT (?2CA1D4£LB))

FOPMAY (FK.1,2(F10,3,F6.1,2F10,1))

FORMAT (L{H1///5RYXyA10,RE/7 /64X ,*ALL QUANTITIES IN UNITS OF MOLECUL
1FS/SQ CHPFLEX, *CONTAINED BETWEEN SUCCESIVF HEIGHT INCREMENTS . */44X
2,*FIRST ROW IS FOR LAYFR FROM {00 =~ 70 KM, */713%X,*HT*, Ix,¥PRFSSURE
A5, IAG*TEMPH BN, *HATFR*, AXy *GCAREON® § 19K, *NITROUS* 47Xy *CARGON® /12X, %
LIKMI* g WX o™ (M) " o BX 4 #(KI® o OY o *VAPOR® 47Xy *DIOXIOE* 47Xy *OZONE* 4 83X, *OX
SIDE®, 7X “MONDXIDE® y SX,*MFTHANF 5, 7X, *OXYGFN*/}

FORMAY (11X,0PF5,1,0PF10.3,0PF7.1,7(1PE13.5))

FORMAT {uA%)

FORMAY (3tF8.2,2F7,5})

FORMAT (£77756X8A0G//7TX e 0USX *FREQUENCY® 33X,y *SCAT* 45X, *ABS*) /7X 44l
17X *ICH=1) %, 2(UX*COEF*}) /)

FORMAT ((AY,6(F13.3,2FR.5)))

FORMAT (2F10,3}

FND

SUBROUTINE ATMOS (V430UNDWVTOP (SEC, TTP,KSAM)

Aag AFFOSOL ARSORPTION CCEFFICIENY - INPUT NATA

ABSCLT MOLFCULAR ABSORPTION COFFFICIENT

ALFAD LIMNF MALF WIDTH

ALPHAD DOFPLER HALF-WIDTH

ALPHAL LOPENT? HALF-HIDTH

AML HEIGHT INCREMENT - INPUT DATA

ARGD INTE-MFDIATF QUANTITY ASSOCIATFO WITH COPPLER BROATENING

ASC AFPOSOL SCATTERING CCEFFICIENT - INPUT DATA '

BOUND LIMIT OQUTSTOF OF WHICH LINF CONTRISUTIONS 4RE NOT °
CONSINFRED - INPUT DATA

¢ YFLOCITY QOF LIGHT

ca HALF-HINDTH TEMPERATURE CORRECTION FACTOR

tas CLFAR AFROSCL SCATTFRING GOEFFICIENT (S0 KM SEA LEVEL
VISIRILITY) = OUTPUT DATA

cay MOLFECULAR A4RSORPTION GOEFFICIENT = 0UTPUT DATA

CHI MODIFICATION TO THE LORENTY LINE SHAPE FOR CO2
- TNPUT DATA

CONST (R*1.NE-031/7(A%),0F+ (051, WHERF R IS GAS CONSTANT AND &
IS AVOGARDC®S NUMBFR

€St ROLTZMANN'S TEMPFRATURF COPRECTION FACTOR

cs? PARTIYION FUNCTION TFMPERATURF GCORRECTION

cs5 2 * JOLTZMANN®S CONSTANY * AVOGARDO'S NUMBER

r6 1/01**0.5

DFL HEIGHY INCREMENT BFTWEEN LAYERS

DNU FREAUFNCY INCRFMENT ASSOCIATED WITH LORFAT2 MCCIFIGATION
= INPUT NATA

FpPP FN¥RAGY OF LOWER STATE OF TRANSITION

GNU LINF FREQUFNCY

H ATMOSPHERTIC HEIGHT (KM}

HAS HATY1 AFRNSOL SCATTERING COEFFICIENMT (5 KM SEA LEVEL
VISITILITY) - OUTPUY NATaA

1K1 ATHOSPHFRIC MODEL INCEX

TPRNT PRINT TONTRCL

11 NUMAER OF ABSORPTION LINFS

ITo NUMAFR OF ATMOSPHFRIC LAYERS - INPUT 0ATA

JT NUMAEP OF E€LEMENTS IN THE LORENTZ MODIFICATION FACTOR
- TNPUY DATA

KSAM NUMBYR OF NCDFL ATHMOSPHERFS - INPUT DATA

M MOLECULA® SPECIF INDFX NUMRFR

HoL MOLEGULE JOENTIFIER (1= HZ0, 2= €02, ¥= 03y 4= N20»
£= €0, A= CHU, 7= 02)

p ATMNCPHFR TN LEVElL BREICSIRE - TNPIIT NATA
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19¢
197
12e
1490
2np
201
202
203
2r4
206
2n6
207
2nA
2na
210
211
212
211
214
218
21¢
217
21 8-
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PBAR AVFRATE LAYER FRFSSURF

PEFF EFFECTIVFE PRESSURE (INCLUDES KRATER VAPOR BROADENING
FACTOR)

PH20 WATER ¥APUR PRESSURE

1 RATIO OF CIRCUNFERENCE OF A& CIRCLE YO ITS OIAMETFR

RATIO INTERMEDIATE QUANTITY ASSOCIATED WITH LORENTZ LINE
MODIFTCATION

S ARSOR TICN LINF INTEMNSITY

SFC SECANT ANGLF

ST TEMPFRATURF CORRECTED LINE INTENSITY

v ATMOSPHERIC LAYER TEKPERATURF = INPUT DATA

YAL CLEAPY AERQOSOL ABSORFTION COEFFICIENT - QUTPUT DATA

Y42 HAZY4 AFROSOL ABSORPTION CCEFFICTIENT = QUTPUT CATA

TBAR AVFRAGE LAYER TEMPERATURE

TEMPQ 296 (K)

™ RAYLFIGH (MOLECULAR) SCATTERING COFFFICIENT
= QUTPUT DATA

v FREQUENCY AT WHICH THE EXTVINCTION COEFFICIENTS ARE BEING
CALCULATED - INPUT DATA

V8ot LOWER FREQUFHCY LIMIT FOR THE LINE CONTRIBUTICNS,
VB0T= v-BOUND

vTOP UPPFR FREQUENCY LIMIT FOR THE LINF GONTRIBUTICNS,
VTOP= y4#30UND

VXY VOIGT LINF SHAPE VARIABLE

L] ABSORER CONCENTRATICN

G SFA LEVEL VALUFS OF FOLEGULAR ABUNDANGES

WTHMOL HOLECULAR WEIGHT

L1} HAVELENGTH CORRESPONCING TO FREQUENCY, V

X VOIGT LINF SHAPE VARIABLE

X1 LORENTZ? LINE MODIFICATION VARIABLE

Y VOIGT LINE SHAPFE VARIABLE

7 ABSOLUTE OISTANCF FROM THE LINE GFNTER FREQUENCY ¥

COMMON GHU(1000)4S¢(1000) ,ALFARQ (L0001 ,EPPLL000) MOL(L000)
COMMON HE40) 4P L6E.U0) 4 T(6,00) oW BT 40) yCAY(6 40} yHGIELT)
COMMON THM(6,00) 4 TAL(Lot0), TAZCU,40)

COMMON FALT470) 4ASC(7.T0)oAABIT47N) sCAS (74400 KAS(T,40)
COMMON /BLK1/ JT,ONU{20),CHI(20) ,AMLIL0)

DIMENSION HTMOLTYy CS2(7), ALFHAD(7), DEL(T)

DIMENSION STI(1000)

DATA CyC5yCHPI/2.99791E 410020 6629E408,0.56419,3,1415927/
DATA (HTMOLAI) 2 1=147)/18,0,404.0.48.0,44.0,208.0,16.0,32.0/
OATA (DEL(IVyI=4,7)/30.0,2040, 5*5.0/

DATA CONST/1.320258E-24/

CONST> (RT1.0E-03)/ (A*1.DE+05)
= (Ba3144F+07%1.0E~03)7(6.0230E+23%1.0E405)

IPRHNT=D

IK1=0

VAQT=V-BOUND

vT0Pzv+ROUND

CALL ROTAPE (V¥BOT,VTOP,I1.ITP,SEC)

00 18 IS T¥HF WAJOR CONPUTATIORAL LCOP (N ATHOSPHERIL LAYER
WITHIN WKHICH MONOCHROMATIC MOLECULAR ABSORPTION COEFFICIENTS
ARE COMPUTED. .

IKi=IK1 ¢4

TEMPEz296.0

00 18 X=§,ITP

IF (K.EC.ITP) GO TO 2

PBAR={PLYIKL,K)+PL(IKL,K+1)) /2,0
TBAR={T(IKL,K)+TL{IKL,K+1)) /2.0
PH?20=CONST¥THAR*NIIKL1, 1y K) Z/ABS IH(K)-H(K*1})

GO Yo 3

PBAR=P {IK1,1TP)
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=00

[

DOOD

~ oon

O0000

“AOO0
Lol

THAR=T(IKL,1TA)

PH20=COMST*TRAR*HG (IK1,1)
CS1=ATFMPO-TRAR) Z/ITEMPO*TRAR*] .6351)
GCA=SQRY (296,07 TRAR)

DETERMINE CNRRFCT TEMPERATURE CEPENCENCF OF ROTATICNAL ®ARTITION
FUNCTION

00 6 “4=1.7

G TO (heSalrSe5absB)y M

CS2(M) = ITEMPDN/TRAR) **{.5

Lo T 6

CS? (M) =TEMPQ/TQAC

ALPHAD (M) =SQRY (GCS* TAAR/WTMOL (M) ) *V/C
NN 7 I=1,14

M=MOL(TI)
STAII=S(TI"CE2(MI*EXP(~EPP(II®*CS 1)
CAYIIK1,K}=0.0

00 47 LCOP CYCLES THRU ALL ARSCRPTICN LINES READ FROM HITRAN YAPE
AND ADOS THFIR CONTRIBUTIONS TC THE ABSORPTIQN CCEFFICIENT
AT THE FPERQUENCY, V.

00 17 I=1,1I1

H=MOL (1)

PFFF=PBAR

IF {M,EQ,1) PFFF=POARHY,0"PH20
ALPHAL=ALFADMY) *PEFF*CA/1013,0
7=ABSIV-GNUIT))

IF {MeNEL2) X1-1.0

IF (M.NE.2) GO Y0 10

Xi=0,0

JT1=gT-1

00 9 L=1,JT1

TP {7.GF.ONGILY JANDLTLLEONU(L#1)) GO TO A
GO0 T0 q s
RATIPr= (CHT CL#1VY<CHI(L)I/ (DNULL #1)-0ONUCL) )
X1=RATIC*{Z-DNU(L) *#CHI (L)

GO T0 it

CONTINUF

CONTINVE

IF PBAR LF. 0.1 M3, PURE DOPPLER BRORDENING APPLIES,

IF (PBAR=0.10) 12412,13

ARGD=Z/ALPHAD (M}

IF (ARGD.GT.10.0) GO YO 17
ABSCLI=(C6/ALPHANIM)I Y *STITI*EXT (~{ARGD)**2) W T 1,HyK)
CAY (IK1,K)=CAY(IKS,K)+ABSCLT

GO TO 17

IF PBAR IS BFTWFER 0.1 AND 10 %8, VOIGT SHAPE APPLIES.

IF (POAR-10.1) f4,14,15

X=Z/7ALPHAN (M)

Y= ALPHAL/ZALPHAD (M)

VXY=VOIGTIX,Y)
ABSCLISWXYSST(TI®0.BELLA7ALPHAT(M) *HIIKL e M,K)
CAY{TKL,K)=CAY{IK1,K)+ABSCLY

IF (VXY LT (0.0) PRINTY 2714 Xo Yy ¥XY

G0 70 17

IF PBA: .GTa. 10 MR, LCREMNT? SHAPE AFPLIES.

IF (X.EQ.ITP) GO TO 16

CAY LTI K =STUTIYALPHALZIPI®(7*7¢ALPHAL P ALPHALYY *HITKL . RX) * X1 ¢CAY

. 85
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110
111
112
112
114
11¢
116
117
118
11¢
120
121
12?
123
124
125
12¢
127
126
129
130
131
132
133
134
135
136
137
138
139
140
1414
142
13
144
145
1uE
147
168
149
150
151
152
153
154
156
156
157
158
159
1R0
161
162
153
164
165
166
167
168
169
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ir1
177
173
174
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J> N

e, i

16

17
18

OO O

20

2t

22

24
25
2¢

27
28

2a
30
31
32

e NNy NoXal

11IKL4K)

G0 T0 17
CAY(IKL4KI=STUI)*ALPHAL*WG (IKL M) 7 (PI*(Z*Z+ALPHAL® ALPHALYI)I*X14CAY(
1IKL,K)

CONTYNUFE

CONTINUE

IF C(IPRINT.FO.1} PRINT 25, V

If (IK1.GE.KSAM) GO TO f¢

GO 70 1

CALL CONT (V,ITP,KSAM,SEC}

FXTINGTION COEFFICIENT FOR HIGH ATHCSPHERIC LAYERS MUST BF
NIVINFD RY LAYFP THICKNEZS SO THAT ALL RESULTS ARE 1IN
UNTTS, KMirag,

DO 20 I=1,KSAM
0C 20 K=1,7
CAY (I Ki=CAY{]1,K)/DEL (¥}

CONTINUE

WY=10000.0/V

PRINT 26, WY,V

DO 23 KO0=1,ITP

X=TTP-KO+1

00 21 I=1,KS5AM

IF (CAY(T,K)aLTe1.0E-6) GAY(T,K)=0,
IF (THUTI.K) oLTo1e0E=6) TM(I,K)=0.
CONTINUE

D0 2?2 I=1,%

IF (TAL(T,K).LT.1.0F-06)
IF {CAS(I,K}.LT1,0€E-06)
IF (TAZ{IWK)LTo1,0E-06)
IF (HAS{Iek?uLTa1.0E~06)
CONTINUE :

TAL(I K)=0.0
CAS(I, K)=0.0
TAZII 4K)=0.0
HAS(I 4K1=040

PRINT 27, AMLUK) JCAVI(6,K), THCGKPo (CAYIIN,KY, JM=1,5) ,TAT1 (1,K),CAS(

11,¥) s TA201,K),HAS(1,K)
CONTINUE

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

28

249,
30,
31,
32,
33,

TAZ{4 o TTP) s HAS (U, ITP)

TALC(3I,ITP) 4,CASU{I,ITP),TA2(I,ITP) JHASII,ITP)
TA1(2,17P),CAS(2,ITP)

VyBOUND

T14GNUCL),GNUCTLY

I1=0
RETURN

FORMAT (% X,¥,¥X1,%,3E15,6)

FOPMAT (4H V =F11.4)

FORMAT (1{H1,39X ,%WAVELENGTH = *,F15,6,* MICROMETERS*/40%,*% FREQUEN
1CY = *4F15,3,* WAVENUMBER® ///19X % UsSo® s LOXZ(GX 4 *MINLAT*) 1K, 2(2X
24 *SUBARCTIC*) s 18X, *AFROSOL" /17X, *STANDARD*y7X,*TKOPIGAL * X, *SUMNE
FCH LS, *HINTFR* ,Sx, *SYMMFR® , 6K, *HINTEP*, 10X, *CLEAR® 415X 4 THAZYY//)
FOPMAT (A10,1P¥1T7,2,1PE9.2,5(1FE11.2),2(1PF1142,1PEQ,?))

FORMAT (///43X,%ALTERNATF RQUNDRY LAYER AEROSOL MODELS*//49X,*CLEA
1R% L LTX, *HAZY%/ /)

FORMAT (29X,*URBAN 2,209 *¥avrynn) 3IY,2{1FFS,2) /)

FORMAT 29X ,*MARTTIMF *,2(1PF9,.2),3Xs 2(1PFY, 2} 7)

FORMAT (29X 4 ¥TROPOSPHERIGC® ¢ 2(1PEG.2),3X,2(QH ¥¥¥¥r¥vs) )

FORMAT (//729%,*V=*F12,3,* BOUND= *F12.3)

FORMAT (20X *I4= *,TI5,TX+*GNUI1)= ¥,F10,.3,3IX,*GNUTI1)= *,FL10,3)
FND

SUBROYTINE RNTAPE (V1,V2,11,ITF,SEC)

ALFAD LINF HALF WIDTH

ALP LINF HALF-WIDTH TIMES THE AVERAGE ATYOSPHERIC FRESSURE
FPP FNFRGY OF LOWFR STATE GF TRANSITION

GNU LINE FREQUENCY

TFNF TAPF/NTRK FNN NE FTLF NANNT
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176
177
178
irg
1m0
121

183
184
165
1P 6
187
18
179
1214
191
192
193
134
195
196
107
138
199
ano
2n1
202
203
20y
205
20¢
207
208
209
210
211
242
213
214
21%
216
217
218
218
220
221
222
2?3
224
2"s
276
227
228
229
230
2731
212
233
234
235=-
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OISO CANIAOOONIN0QO0TOODIDONG

N

1
Ire
MOL
NIREC
e
PATH
SEC
TI
T™™AX

THMIN
TT™

VREG
VRUN
vi
v

RG
HING

4

MOLFCULAR LINE SPEGCIE IDENTIFICATION TAPE/DISK

- TNPUT DATA

NUMBFR OF ATMOSPHERIC LAYERS -~ INPUT DATA

NUMAFR OF ABSORPTION LIMES

MOLECULE IDENTIFIER (1= H20, 2= €02, 3= 03, &= N20,

6= 00y h= CHL4,y 7= 02)

NUNSFR OF LINCS PER RECORD

ATHMOSPHERIC LEVFL PRESSURE -~ INPUT 0ATa

OPTICAL DEPTH AT LINE CENTER FOR 1 ~ KM SEA LEVEL PATH
ABSORPTION LINE INTEANSITY

SECANT ANGLE

ABSORPTION LINE GATA TAPE/DISK - INPUT DATA

MAXIMUM FREQUENCY OF A TAPE/DISK RECOROD

MINIMUM FRFQUENCY OF A TAPE/DISK REGORD

INTERMEDIATE FREQUENCY STORAGE VARIARLE

FRFAUFNCY AT WHICH THE EXTINCTION COEFFICIENTS ARE BEING
CALCULATED - INPUT DATA

INTERMFOIATE MAXTNMUM FREQUFNCY STORAGE VARIASLE
INTFRHFOTATE FREQUENCY STORAGE VARIABLE

LOKFR FREQUENCY LIMIT FOR THF LINE CONTRIBUTIONS.
VBOT= V=BDUND

UPPER FREQUENCY LIMIY FOR THE LINE CONTRIBUTICNS.
¥TOP= v#BOUND

SCALFYEL VALUSS OF MCLFCULAR ABUNDANGFS

LINF WING CONTRIBUTTCN TN ABSOLUTE CUEFFICIENT (USED FOR
RFJFCTING WFAK LTNFS)

AASOLUTE DISTANCF FROM THE LINE CENTER FREQUENCY V¥

COMMON GNUC1000),5C1000Y,ALFAD(1000),EPP(1800),M0L €1000)
COHMON H(40) 4P U640 sTI6,40) oW (657,40} ,CAYI6,40) ,WGUE,T)
COMMON TMIU5,40) o TA1(4,40),TA2(4,040)

COMMON FAUT,70) JASC{7,70), AABC(T,700) ¢CAS(T40),,HAGIT,40)

DIMENSION

TI(2%0412), ITIC2500

PREPARE TO RFAD TAPE

TTH=0.
IEOF=0

V=(Viey2}/2,

Jd=1

READ (30 TMINGTMAX yNIREC, (dTICTI,K) yK=1,12),ITIC(I),I=14NIREC)
IF (EOF (X)) 2,3

IEOF=1EQF+1

If (IFQF.GT.58) GO TO 11

GO0 TO 1
NRFC=TMAX

IF (TTM.GT.TMIN} 60 TO 1

TTM=TMAX
IEOF=0

IF (VREC-V1) 1,444
D0 5 I=1,NIRFC

YRUN=TII(T,

1)

IF (VRUNL.GEL.V1) GO TO 6

CONTINUE

D0 9 N=I.NIREC
YRUN=TI (N, 1)
IF (VRUNLGT.V2) GO TO 114

N=ITI(N)

GNU(SI=TI(N,1)

STAI=TIIN2)

ALFAOUJ)I=TIIN,T)

EPP(IY=TI(Ny&)

HOL(J)=ITI{ND

IF (ALFAQCJ).GTA0.,0001) GO TO 8@

PRINT 12,
STOP 3

ALFAD (4} » GNULD)

ALP=ALFANE IYS (. (1,1V4F(1,I7P))/2N726h.0
PATHES ()P ULy I ESFR/(3.1015927%ALF)
TF (PATH.Y T.O.RANMY RA TN q
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10
11

13
1y
15
16
17
18
15
20
21
22
23
2h
25

27
28
?3
30
21
32
33
kL)
35
36
3?7
38
39
0
L3 1
42
&3
&4
45
"6
L ¥4
(1.1
%9
50
51
52
53
S6
55
56
57
58
59
50
61
62
63
64
65
66
67T
hA
Fe
70
Tt
72

3
3
H
H
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10
11

12
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,

I=ABS(V-GNU (S

NING=1.0

IF (Z2.6Tu1le0) WINGESIJI*HG (L, MI*ALP*SEC/ (3.1415927%2+%2)
IF (RING.LT.1.0E~5) GO Tn 9

JxJel

IF (J.6T.1000) GO TO 10

CONTINUE

IF (VREG-V2) 4§,11,11

PRINT 13
I1=y-1
RE TURN

FORMAT (//7730X 4 1ZH*¥%%3 ALFAO=EL2. 5,3X'?NAT GNU=F 10.3,EH "“‘)
. FORMAT (*

END

DIMENSION EXCEEDED *)

SUBRUUTINE CONT ¢V, ITH,KSAM,SEC)

AAB
ABSOR
AKCL

AKHZ

ASC
ASHZ

CAS

CAY
CCONT

cC1
CNCS

CN2
CON

DELNZ
OELP
FVHL
EVHZ
EVM
Fa
FAC

N2
HAS
HAL
HA?

44

HZL
Hz2e

H20LAY
IPRNT
17P
KSAM
LC

H

M

MH

LEROSOL ABSORPTION CCFFFICIENT -~ INPUT DATA

8 = if% MICRON GCONVINUUM ABSORPTION COEFFICIENT

CLEAR ABROSOL ABSORPTICN COEFFICIENY INTERFOLATED AT
FREQUENCY V

HAZY AEROSOL ABSORPTINN GOEFFICIENT INTFRPOLRIED AT
FREQUENCY V¥

AEROSOL SCATTERING GCEFFICIENT - INPUT DATA

HAZY AEROSOL SCATTERING GCUEFFICIENT INTERPOLATED AT
FRFOUENCY ¥

CLTAR AEROSOL SCAVTCRING CNEFFICIENT ¢S50 KH SEA LEVEY,
VISIBILITY) - OUTPUT DATA

MOLECULAR ABSORPTION COEFFICIENT — QUTPUT DATA
INTERPOLATFD ABSORPTION COQEFFICIENT FROM THE NITROGEN
DATA TABLF

27371013

NITROGEN-BROADENED WATER VAPOR CONYINUUM ABSORPTION
COEFF ICIENTY

NITROGER CONTINUUM ABSORPTION COEFFICIENT - INFUT DATA

WATER VAPDR CONT INUUM COEFFICYENT FOR 3JeS~%s2 MICRONS
- INPUT DATA

INTERMEDIATE QUANTITY RELATED TO THE NITROGYEN CONTINUUNM

PRESSURE DIFFERENCE EFTWEEN ATMOSPHERIC LEVELS

CLFAP VFRTICAL SCALING FACTYOR

HAZY VERTICAL SGALING FACTYOR

DENSITY FACTOR TOR RAYLEIGH SCATTERING COEFFICIENT
AEROSOL MODEL FREQUENCY - INPUT DATA

INTERMEDIATE INTFRPOLATING DATA FOR TME AEROSOL
FREQUENCY DATA

NITROGEN CONTINUUM AESORPTION GOEFFICIENT FREQUENCY
= INPUT DATA

HAZYS AEROSOL SCATTF RING COEFFICIENT (5 KM SEA LEVEL
VISIBRILITY) - OUTPUT DATA

INTEVMEOIATE VERTICAL SCALING DATA FOR CLEAR AEROSOL
MONE L

INTEFMFDTATE VFRTICAL SCALING DATA FOF HATY AFROSOL
MOIFL

IHTIETMEDTATE MOLECYL AR SGATTFEING PAAPFTIF?

VFRTICAL SCALING FACTOR FCR CLEAR A4€R0SOL MONCL

= INPUT DATA

VERTICAL SCALTNG FAGTOR FOUR HAZY AERUSOL MODEL

- INPUT DATA

WATER VAPOR CONCENTRATION

PRINT CONTROL PARAMETER

NUMIFR GF ATMOSPHERIC LAYERS - INFLT NATA

NUMBFR OF MCOFL AYMOSPHERES = YNPUT DATA

GLFAP AEROSOL MONEL INOEX

MA7Y AFROSOL MODEL INDEX

PRINT LOOP TNDEX

INDEX USED FOR 3.5 = 4.2 MICRON WATER COMINUUM TABLE
1 0K =11P
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AN OTAODHAAIND

QOON

[ Y} £

xR X

PRAR
SEC

Tal
TA2
TBAR
TDEP

™

TN2
XS

v

L]
NG
XH

X1

4

COMMON
COMMON
COMMON
COMMON
COMMON

ATMOSPHERIC LEVEL PRESSURE - INPUT DATA

AVFRAGF { AYER PRESSURE

SECANT ANGLE

ATHOSPHERIC LAYEP TEMPERATURE = INPUT DATA

CLEART AEROSOL ASSORPTYON COEFFICIENT = OUTPUT DATA

MAZY! AFROSCL ABSORPYION COEFFICIENT - DUTPUT DATA

AVERAGE LAYER TEMPERATURE

INTFRMEOTATE CONSTANT FOR THE 3.5-4.2 #2C CONT INUUM

CALCHULATION

RAYLEIGH (MOLECULAR) SCAVTERING COFFFIGIENT

- GUTOUT DATA

ARSORPTION COEFFICIENT OUE TQ NITROGEN CCNTINULM

INTERHEDIATE CONSTANT FOR THE 3.5-4,2 H20 CONTINUUM

CALCULAT ION

FREQUENCY AT WHICH THE EXTINGTION CORFFICI®NT ARE BEING

CALCULATED - INPUT DATA

ABSOPBFR CONCENTRATICN

SEALEVFL VALUES OF MCLECULAR ABUNOANCES

INTERMEDIATE CONSTANT FOR THE 3,5-4,2 H20 CONTINUUM

CALCULATINN

INTERMFDIATE CONSTYAMY FOR THE 3.5-4,2 H2C CONTINUUM

CALGULATION

ATMOSPHERIC HEIGHT (KM)
GNU(1000),S(1000%,ALFAD(L300),EPP{1000),MOL (1000}
ZUH0) W PUB 003 o TUE 4 0) s HI6,7440) 5 CAY L6, 40D yHG(6, T}
TMU6,401 ,TAL (L ,b0), TAZLN,40) ’
FR{7470) yASCU7 4700, AABC7,70) yCASCT 801 ,HAS(7,40)
/ALKZ27 FKC,GON(20), FNZ( 100) ,CN21S00) yHZ1C(L M) 4HZ2(4D)

OIMENSYON FyMiLO)

IPRNT=0

CC1=273.071013.0

IF (IPRNT,EU.1) PRINT 33, (CAY{M,ITP-1),M=1,5)
09 18 J=1,KSaM

00 17 K=1,17TP

00 1 I=

1.4

TA1{I,K)=D,0

TAZ(IeKI=0,0

CAS{TsK)=040

HAS{I,K)=0,0

CONTINUE

IF (XEQ.ITP) TBAR=T(J4ITP)
IF {X<EQ.IYP) GO TO 2
PRAR=(P(JyKI4+P(J,K2+1))/2.0C
TBAR=ET (L4 KI4T(J,K*1)) /2.0
IF (VelLT.2740.0) 60 TO 5

RAYI.FIGH (MOLECULAR) SCATTERING.

IF (X.E0.ITP) GO TO 3
HH=1o GLALOG LIPTI K1) ST, KN/ (P Y KI*T A, K21) D)

EVMIK) =

COLRHMY ( (PLJ KAL) /T XDy K 410D = (PUIL ) /T (J,K D))

60 10 &

FVMK) =CCL*P(J, ITP) /TS, ITPY
TH(JoKI=T.80TE-20EVMIK) *Y **4, 0117
G0 T0 6

TM{JyK)I=0,0

IF (VeLTe%00.0) GO TO 17

IF {V.iT.1250.0) GO YO 7

IF (V.LT.2000,0) GO TOD 17

IF (V.LT.23%0.0) GO TO 11

IF (V,.GT,2800.9) GO TO 17

3% TO 4.2 MICRON H20 GONTTNUM

KI;(V-235Q.U'/50-0*1-0
MH=XT¢1.001
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5?2
51
s
w5
56
L4
SR
59
60
21
Y]
63
64

€6
57
68
69
ro
71
T?
(4]
(4]
75
76
77
78
79

aq
8z
"3
3%
£y
86
&7
ag
89
ag
21
02
93
ay
o5
@6
q7
an
99
100
101
in2
103
104
105
106
107
18
189
110
111
112
113
114
115
11€
11?7
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a4

TR e,

0

OO0

NSOIOO

10

-
-

14

1%

16
17
18

19

20

21
22

2

XH=XI-FLOAT (MH}

TX5=CON(HH)
TXS=TXS+XHH {CON (MH} -CON(MH-1))
CCONT=TXS5/3.34F 22
TREP=EXP({4.56%* (296, 0/TBAR=1.0))
CNCS=0.12¥TOFP

GO YO 8

8 TO 14 HICROM H20 CONTINUM

CCONT= 4 IAPSSTAMEXP (-7 ,B7E-37V)) /3. JUER22
TDEP=1.

IF (V«GT.700.0}) TOEP=EXP(6.08% (296,0/7BAR-1.0%)
CNCS=0.002

IF (X-EQ.ITPY GO TO 9

H2OLAY2KR{J,i,%)

OHR0=4 e T12E-23*HZOLAYZALOG (P {J4K+1) /P (JyK))

GJ TO 10

H20LAY=KHG(J,1)

PH20=1a4 38E-26*H20LAY*TI(J,ITP)

PBAR=P (J,1TP)
AAGSORsCCONT*{PH20* TDF PACNCS» (PEAR-PK20)) /1013,
CAY (J,KI=ABSOR*H20LAYN¥SECH+CAY(JWK)

IF (V.GE.2350.0) GO TO 11

G0 TO 17

CONMPUTF NITROGFN CONTINUUM

00 13 I=1,90

IF (V.GE.FNZITI)AND.VaLE.FN2(I*1}) GO TO 12

GO YO 13

DELN2=tCN2EI»1) «CNZIIIV/Z (FN2(TI+1)-FN2LI))
CCONT=0ELN2*(V=FN2(I1)+CN2 (T}

GO TCQ 1t

CONTINUE

IF (X,EQ.ITP) GO TO 15

QELP=P(J,X*1) =P (JyK) .

TN2=0, 7TB1*CCONT * (PBAR/1013.0)* 29,24 TBAR* (DELP/1013.0)
G0 TO 16

PAAR=P {J,ITP)

TN2=0, 7801*CCONT*(PBAR/1013.0)%*#2%1000,0%296.0/714,ITP)
CAY {J,KI=CAY(J KI#TN2SSEC

CONTINVE

CONTINVUE

IF tV.LT.FA{1,19) RETURN

COMPUTE AEROSOL EXTINCTION COEFFICIENTS.

D0 19 J=1,60

IF (VeGE.FA(L1,J0«AND.V.LE.FAlL1,J¢5)) GO TO 20
CONTINUE

PRINT 1%

STOP 2
FAC2(V=FALL,J)) ZIFACL J¢1)=FACL,J))
00 32 K=t,ITP

IF (K.EQ.ITP) GO TD 2%

IF (HZACK) JFN.HZ1(K+1)} GO To 21
HAL=1,0/7ALOGIHZ L (K+1) /HZL1(K))
EVHI=HA1#(HZ3 (K+1) ~HZ1(K))

G0 TOo 22

EVHI=HTZ1(K)

TF (MZ2(K),EQ.HZ2(K+1?) GO TO 23
HAZ=1. 0/ALOGIHZ 2(K+10/7H72(X)})
EVHZ=HA2*(KZ2(K+1) -HZ2(K))

G0 To 25

FYHZaMT2EK)
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168
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15¢
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1586
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168
169
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24

25

30

31

32

33
14
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60 TO 2%

FVHI=HZ 11T}

EVHZ=HZZ2(1ITP)

TF (Z7(K)eLEL190,0.,AND7LKY GF230,0) GO TO 26
IF (TUKY WLELD.0.AND.ZIK)4GFa940) GO TO 27
IF (Z(KILLE 9,0, ANDL7 (K oGF,?2. 00 bT TO 28
IF (71K} LF.2.0.AND.2(¥),GF. 0. ) GD TD 29
HMETEORIG QUST MOREL

LC=T

LH=7

G0 1O 30

GCLFEARE BAGKGROUNN STRATOSPHERIC, HAZYt AGED VAOLUANIC
LC=5

LH=6

G0 TQ 30

TROPOSPHFRIC 400FL

Lc=2

LH=2

Go To 30

RURAL MODEL

LC-1

LH=1
AKCL=(BAMLG,J#1)=AAA(LC S ) *FACHAAR(LC, I}
AKHZ=AKCL
ASCL=(ASCILG,Je4)=ASC(LC+J) I *FACEASCILC, J?
ASHZ=ASCL

T¢ (LGLEQ.LH) GO TO 31

AKHZ= (AARILM, J+1)=AAR(LH,J) Y *FACHAATILH,J)
ASHZ=(ASCILH, J+1Y=ASC{LHeJI P *FACHASCILH, I}
TAL U1, X)=EVHI*AKCL

TAZ(1,K)=CVHDPRAKHT

CAS{1,K)I=FyHI*ASCL

HAS (1, K)=EVHR#ASH?

IF (K.LT.ITP} 60 TO 32
AXHZ={AA0(L, It 1Y -RAAR L, J) Y *FAC A AAR (L, 1)
ASHZ=(AS (4, J¢1 ) =ASC LUy V) *FACHASE (Ly d)
TA2 (4y ITP)=CVH2 *AKH?

HAS (U, TTPY =EYHP®ASH7
AKCL=(AARII o +1)-AAB(3, )V *FAC+AARLS, )
AXHT=AKCL
ASCL=CASC{ 3¢ 3¢ 1) =ASC13,J}) *FAGCASC (T, )
ASHZ=ASCL

TAL{%, ITO) =EVH{ #AKOL

TA2 (34 TTPY=FyHP#AKH?7

CAS{3+.ITPI=EVHL #ASCL

HAS(T, TTP) =FYHZ*ASHT

AKCL=CAA8( 2, 4+1 Y=AAR(2, 1 )I*FAGCRAAB(2, ))
ASCEL=(ASCL2,yJ+1I=ASC(E, NI *FALCASC (2, )
TAL(?2, IT) =FVHL *AKOL

CAS(2,1TP) =EVHL *ASCL

SONTINUE

RE TURN

FORMAT (5F15,5)

FORMAT (* FRVQUENCY IS OUTSIDF RANGE OF AERQSOL DATA *)

FND
FUNCTION vOIGT (X,Y)
COMMON /8LK3/ NHyHHC10) , XX (10) A (8?)

DIMENSION RA(32), CAT32), RB(32), CA{I2), I(uh), AK(G),

14)

X2 =2 X¥Y .
Yo=vyry

TF (X-5.0) 1,26,24

IF (Y=1.) 64hy?

RAC1I=0,

TAat1Y=N.
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211
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ko u1d=1,. E 11
cat1Y=0, € 12
RAL2)I=X . E 13
CAtZYaY E 14
RBU2)=45-X2¢Y2 £ 15
CRI2)==2.%X*Y £ 16 .
CB1=CB(2) £ 17
CAL=0. E 19
uvi=n. E 19
00 & J=2,31 € 20
JPLUS=J+t E 21 i
JUMINUS=J-1 € 22
FLOATJ=JMINUS £ 23
RP122,*FLOATIIRRB(2) £ 74
RA1==FLOATU* (2, *FLOATY~1.) /2, € 25
RACJPLUS)I=RBI*PALI)I-CRI*CA L) ¢ RAL*RA(IMINUS) -CAL *CALININUS) E 26
CA(JPLUS)=RB1I*CACII +CAL¥RA (J) +RAL*CA(IMINUS) +CAL*RACIMINUS) € 27
RUGIPLYUS)=RBL*PBIJI ~CBL¥CB (J) +RAL*RA(JIMIHUSI -CAL *CE(IMINUS) € 28
CBIJPLUSI=RA1*CALII+CRISRA(S) *RAL*CBIININUS) +CAL*REBIININUS) E 29
IF (JPLUS.GE.13) PRINT 31, JPLUS,RA(JPLUS),CBLJIPLUS)ZCACJIPLUS) ,RBCL E 30
1IPLUS) 4 X,Y £ 31
TF (RAUJPLUSY,GT.1.0E+20) PRINT 31, JPLUS,RA(JIPLUS),CBEJIPLUS),CALY E 22
1PLUSY yRB(JPLUSY o Xy ¥ t 13
IF (CB(JOLUSI.GT.1.0€+10) PRINT 31, JPLUSyRACGJIPLUS)+CBULJUPLUS)HCALY € 34
1PLUSY » RB(IPLUS? 4 X, ¥ E 35
UV={CA (JPLUSI*RBIIPLUS)I-RA(IPLUSI*CBIIPLUSY) /(RBCIFLUSI *RB(IPLUSI* E 36 ‘
1CB LIPLUSI*CRIJOLUSH) £ 37
IF (YelT.1.5) GO TO 3 E 38
IF (A3STUV-UVL) =1,.E-6) Syk b € 39
3 IF (ABSIUY=UVL) =1, 0E-5} Selbyb E 4o
4 uviziY E &1
! 5 NOIGT=UV/1. 772454 E 42
RETURN € &3 K
3 IF (X=2.) 7,7,9 | ™
7 AINT=1, E &S
MAXZ 12 o $50 * X2 € a8
N0 8 K=1,MAX £ 47
AJ=MAX+ 1<K E 48
] AINT=AINT® (=7, % X2}/ (Z,¥AJ+ 1) 41, E &9
U==2,*XRAINT £ S0
GO TO 14 € 51
i a IF (X=4.B) 10,12,12 £ S52
i 10 a43)1=0. £ S3
. Atuy)r=0, £ 5S4
g J=42 £ S5
00 1t K=1,42 £ %6
E O(Yl e WAYRR(ILLY~B(J+2)+A LD} € S7
11 J=g=1 Y
‘ U=B () ~B 1) £ &9
GO YO 14 £ &0
| 12 AINT=1.0 F 61
! MAX=2.+40. /% E #?
AMAyY=tAY F &3
00 13 Ks1,MAX € 64
ATNT=AINT® (2. *AMAX=1.)7(2.*X2) 41, E 65
13 AMAXSAMAX=1. | 3 66
U==AINT 27X £ &7
14 V=1.TT 2454 7EXP (X 2) E &8
Mz, 07 £ 69
JM=zY /M € 70
. IF (%) 16,15,16 E 71
. 15 HaY E Y2
: 1€ 7=0. £ 73 i
i ; Lzg £ Th
: ny(Ly=o. £ 75 }
N 17 NY{2t=H, 2. F Th :
4
A - 2
i i
%‘: [
%z’. !
I ¥ %
i b
1
| . 62 ;
] 5
l 4
i %
»
&
E
e
&



18

19

20

21
22
°3

24
25

?6
27

2K
28

30

byl

31
32

o

oY (INI=0Y(2)

OY(4V=H

AK{1}=0.

AM{1)=0.

00 20 Jx1,%

YY=Z40Y L))

YU=ys,S*AK (N

VV=V4+,5%AM())
AK(J#1) =2, 5 (YY > UyYs X*YVI*H
AM(J*1 Y22 %01, +X*YU-YY*VY) ¥y
IF (J=3) 20,19,20
AK(4)=2 . *AK L)
ANCLI=AN(&) +AM( &)

CONTVINUFE

Z=74H

L=l el
U=U+.1666667* (AK(Z)1 42, 2AK(R) ¢AKLG) +AK(5))
V2V4. 1666667 (AM(2)#AMISZI+AM(IIHAM (K) #AMLSY)
IF (UMY 721,231,218

IF (L-J¥) 18,22,23

AdM=UH

HsY-A JM*y

GO 70 17

VOIGT=V/1,772L50

RF TURN

IF (Y} 25476,2C

PRINT 32, Y

CAaLL FXIT

IF (x2-88.) ?8,28,27
VOIGT=0.

RETURN

YOIGT=1./77X01X2)

RF TURN

fi=0.

DO 3B I=1,NH

FL=FLeHHOI 7Y 2 (XXX 0NV ® OX =X XTI D DHHHEIY Z IV 24 OXHXXCID ) 2 AX4 XX (3D
1}

VOIGT=Y*F1/3.1415327

RETURN

FORMAY {15,8HRA =E1X.648HCH *E {36y 4HCA =EL13 £ 4HRA =F13.6 JHX =EL
13, 697HY =E13.5)

FORMAT (3IBHOERROR VIIGY -~ RATIC LORENTZ/DOPPLER =,615.7)
FND

SUBROUTINE PRNTY

COMMON /BLK1/ JT,DNULZ0Y.CHI20) AMLI40)

COMMON /™MLK2/F FKC.GONI20),FNZC100) ,CN2U100),HZL (40} ,HZ2 (D)
COHMON /ALKI/ NHyHHULD) o XX (100 2 A (hEY

DATA 1TP/33/

PRINT 1

PRINY 2, FKCLICONIT),,I=1,15)

PRINT 3, (FNZ{T3+CN2II3,I=1,91)

PRINT %y JTLCONULTI o SLTUT) 3 T-1,07)

FRINY S¢ NE,GHRLTD XX ALY 121, W %)

PRINY 64 (4(1},T=1,42)

PRINT T, 1YP(H71LI),1=1,1TP)

PRINT 8y ITPLHI2¢(IY,1=1,1ITP)

PRINT 1

PRINY 9, ITP,(AKLET),124,1TP)

RETURN

FORMAT iRty

FORMAT (Six,*HLTFR VAFCR CUNTINUUM COEFFICIENTSY/55(,*FCR 3.5 ~ U,
12 MISRONS (CONI®I/L2X,*FKC (1) ¥FT o 1/4/7ChiXeGUIPEQ,2)))

FORMAY (7/77/7wTXy*NITROGEY COMT INUUH ABSORPTION COFFFICIENTS*/62X,*
TUFEND VS ON2V* /7 022X REAPFQ 1.1 PEQ. 73

o
€
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FORMAT (/7///51X 4®MOD., yuh) sUN 10 LORFNTZ LINFE SHAPEY/62X*(ONU VS
ICHIN S/ 762X #T=8]16/ (LOX,G(F6,1,F5,.2)))

FORMAT (iH1,453X,*INPUT DATA FOR VOIGT (HH, XX)+//5LX,*NH=*]2/ (53X,
12(1PFLS. 80 )

FORMAT (/7/7/5RY (*INPUT NAT2 FOR VOIGY (A)*// (37X, 6{1PELS.7T)))
FORMAT (/7/7/7745% ,*vyFRTICAL SCALING FACTOR FQOR CLEAR AFRUSOL MODFLY/
1744X, *TTP=213/(43%,5(1PE10.31))

FORMAY (/7/7//45X,*YFRTICAL SCALING FACTOR FOR HAZY AFROSOL MODEL*//
144X *ITP=2T3/ (43X, S(1PE10.31))

FORMAT (//7/75TX 4 *HFIGHT INCPEMENTS (AML)*//47X,*ITP=*T3/ (LbX 54100
1)

FND

ALOCK DATA

COMMON /8LK1L/ )T,DNU(R0),CHTIL20) ,ANL(40)

COMMON /BLK?2/ FKC,CON(20),FN2(100),CN2C100),HZ1(&0),HZZ (4O
COMMON 7RLK3/ KHyHHC(LO0D 4 XX (10} 4A (42)

OATA JT4NH,FKN/16,3,2350.07

DATA (CONCTN 3 T=1415)702300 4187201l yallTea0375,087441004.12050147,
1.876,4.200y02%0,.280,.330,0.000~

TATA (FN?(I},7-1,91)/2000.0,2050.0,2075.0,2100.0,2125,0,2150.0,215
15.0,2167.0,2165.0,2170.0,2175,0,2180.9,2185.0,2190.0,2195.0,2200.0
2922954 09221040527215.042220,0,2225.0,2230.0,42235.0,2240.0,2245,0,22
35000022556 0022A0409227€5,092270.04227540,2230.9,2285,0,2290.0,2295,
60,2300.042305404231040423150042320e0,2325+092330,0423354092340,0,2
5345.0,2350.0,2365,0,2360,0,236%,0,2370.0,2375.02,23080.9,2345.0,2390
$e0,2335.0,2400.0,2405.0,2410,0,2615.0,2%20.0,2625.0,2%30.0,20635,10,
7244000, 244 5.0,2450.092455N224€E0.0,2465.0,2470,0,2475,0,480.0,2u8
85409249040, 2495409250040,2505.042510404251540,252040,2525.0,2530.0
942535 092540404 254540492550.0,2575.0,26002097h25409265040,2800,0/

DATA (CN2{T13,T1=1491)/1.0NE-21,1.20E-0741480E=NT706.30E-07,2.090€E~08,
19, 00F~06+1013F=05,1e36E-05,1.6hE=0%5,1.96F~05,2,16F~05,2.36F-105,2.6
23E20%592.90E=06,3.456-05, Fab0E~-06,3.66F=0543,92E-05,4.2hE-05,4.60E~
305,4495E-05,5,%0E-05,5.65E~05,£.00E-05,64306=-05,6,60F-05,hsAIE~05,
474 18E-05,7 43960547 .60E-05,7.84E-05,8,08F-05,8,39E-05,0,.70E-05,F.1
S3F=05v19e56F =05+, 1+0FE=~04y1020F=GlsLleIRE~Dbe1sS52E-04,1,60F-04y1,6E9€E-
6083 1o 0F=0teleS1F=04y1a37E=-04,1.23F~04s119F=NlUy 1.16F-0ky1.14E~OL,
71012604, 1 12E~0001,21E~004, 1 11F=04,1.12E-04, 1. 14F~00,1. 14E-08,1.1
B2E-0Uy 1.10F=04,1.07E=0by1,02F=04,9.90E-0549.59€E=05,9.00F-N%y8.65F~
905 48420E-05,2.66E-05,7NSE-05,5.50F-05:6,106-0%5,6.,50E~05,4.96F~0S,
XbeS0E-0598a00E~05,3.75E-05,3.506-05,3.10E-0542,65€-05,2.50€E-05,2.2
10E=05¢1+95E~054 Lo756 =050 1R 0E~05,1440E-0541e2NE-05,1405E-05,9,50¢~
206,6.00F-0643.50F~0642.00E-0641.50E-06¢1.00E-20/

DATA (ONULIV 3 I=14160/70e0¢059ebqeTseB1099 000020201051 2¢09265¢7,0+5.
10,8.0,10.0,1%.0/

DATA (CHT(T)  1=1,16)/1.0051a00,.96,¢89:e02+4773470,.60,450,241,.30
Lye3190294423,019+0.00/7

DATA (HHUI) 4T=1,3)/T7«204629599E~014 1,57067320E~01 ,4+53000990E-03/

OATA (XX(I)aI=143)/436077410E-0141.33580900E+00,2.35060497E+00/

DATA (AT} 1214421/ 029149999999F~01+0ar~1+3400000F-0190a4,145583999
1F=019009=1e2166400E-02y0.48a7708159FE~024009~5.8514124F-02,0.42.621
25730E=-02+00+v~2.0843765€E~02,0.41,1196011E=02,04,-5.€23189€€-03,).,2
3e64B7534E-034044+1.1732670F~03,0044.8995299E-04,0.,-1.933630RE-04,
U000 7o 2EBTTOSE 05409 ~2a5655512E~0590+98:66207360-0¢C0309-2.7876379L
5=0690a yBaSE6BTAOF- 07 9y 0as=2.5184337E-07+00¢7.0936022E~-08/

DATA (HZ1iVI) s I=1,33)/9.30E-10,1,60E-0742-10E~06y a02E~0€,8,00E-06,
11.65F=0543,32F~0%5,1250E=0l 41,90 =0l 2, 42E-04,2,96E~04,3.52E~04.4,2
23E-04,4e92E=04y)5.63E=0by 6. 01F~ 0l sGoh1E-08)6.03E-Gly6.05E-04yh, 27E~
30L96.63E-0he7 o 10E-Ql,T7,B7E-0b,9.80€-04,1.41E-032.30E-03,3.54E-03,
B4 eB5E-03+16.43F-03,8,19E-03,9.70E-03,2.65E~02,6,95E-02/

DATA (HZ2{T),1=2+33)/9.30E-1001.60€E-079s2e1NE~069 ko (2E-064A.QOE-0OE,
12.65€-065,7.60F-05c4016E~08,5.15€~00846,60E-N4y3,60E~0h.1.09E-03,1.3
25FE-03y1.74F~03,2.10E-03,2.86E=0342.7HE~03,2.92E-03,2.89F-03,2,80E~
303,20 45E-03,2.11F~03,3.85F-03, $.AE~0F,3a36E-0%9 5+ :2F=03,7,.PIE=03,y
49, 30E-03,1+BSE~02y3oH6E-02,6.21E-02,7,57E~01,7.57E~01/

TATA (ANMLII),T=34,33)/80H 70 -100 1CH 58 - 70 ,10H &5 - S0 L40H
1 4N = L& .1NH X5 - &N +IftH XN - X&  .10H P8 - 3N -1 K 26 - 28
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B

[

2,

10H 23 - 24 L,10H 22 - 23
320 410H 18 - 19

Kt - 15 L10H 1% - 18k L10H
S0H 9 - 10 L,10M - 9

3 #i0H &4 = 5 L10H 3 -
7= 1 »1O0H o /

FNO

33 1.3900 &
6.36E422 3.08E420 7.03E+16
he 69T 422 B.24F420 7.53E415
1.17E422 B8.95€420 7,53€+41¢

«i0H 21 - 22 10N 20 ~ 21

+i10H 17 - 18 10K

12 ~ 13
y10H 7 -

16 =~ 17 ,10H 15 -

o10H 11 - 12 410H
8 +10H 6 - 7

& Hi0H 2 - F L10H 1 -

he8SE4LT  1.80E+17 J.92E+1IN

ha99EL17

1,87€E417 4. 00E+1A

Ta59€417 2,03€E+17 4, 3LFE»18

3.05F422 B.G2E+20 6,15t 16 T.16CT+17
4.01E421 9.43E420 S.1SF¢1h  B.90FE+17
1.97E422 8.41E420 6.71 Bl PO T
TROPICAL UDE SUMNMFR
0.0 1,013E403 300.10 1.9€ 01 5.6E~-05
1.0 9,040E+C2 294. 0 1.3E+01 5.,6E-05
2.0 8.050E+02 238.0 9.3E+00 S W 4E-05
Fe0 7.150E402 2A4,0 L.TEeQD 5.1F-0S
4.0 6.330FE+02 277.0 2.2E4 00 4.TE-0S
5.0 5.590E+42 270.0 1.5E6400 4 .56-10%
6.0 LoG20E4D2 264.0 8.5E-0 4.3E-0%
7.0 4.320E¢02 257,19 4o 7€-0% 4 ,1E-D5
8.0 3.780F+02 250.9 2.5€-01 3,9€-05
9.0 3.290E+02 24&.0 1.2€-01 3.9E-05
10.0 2.860E402 237.0 5.0€E-02 3 29E-05
11.0 2.470E+02 230.0 1.7€-02 ba1€-05
1200 24139€402 224.0 6.0E~03 & .3E~-0S
130 1.,820E402 217.10 1.8E-03 4.5e~-0%
leofl 1.560£¢02 2100 1.0E~03 4 JBE-D%
1540 1.320E#02 20%.0 T6E-04 4 TE-0Q5
1640 1.110€+402 197.0 6o LE~ DL &, TE-05
17.0 9.370E+U2 195.0 5.6E~ 04 6.96~-05
18.0 7.890E+01 193.0 5. 0E~-08 9.0E~BS
19.0 6.660E%01 203.0 &4+ 9E~ 0% 1.4E~04
20.0 5.650Fe¢01 207.0 &.5E~-N% 1.96-04
21.0 4.830Fe¢0L 211.0 S.1E~0% 2a4E-04%
22.0 #.092€401 215.0 S5s1E=N& 2,804
23.0 3.500E#01 217.0 Sa4E~ 08 3.26-04
240 3.000E401 219.0 6o 0E~08% 3.4E=-04
250 2.570E#01 221.9 6. 7E~04 S.4E=-04
30.0 1.220E+01 232.0 J.6E-0b 2o hE~-0W4
35.0 6.000E«00 2430 1 1E~04 9.26-05
40,0 3.050E400 254.0 4o 3E=-05 4.1E-G5
45.0 $.590E+00 265.0 1.96-05 L.3F=05
50.0 8.540E~-01 270.0 6.3E-06 4 .3E-06
0.0 5.799€E-02 213.0 1.4€-07 8 .66-08
i00.0 3.000E-N4 210.0 1.0E-09 &.3E-11
MIDLAT ITUDF WINTER SUBARCTIC SUMMER
0.0 1.018E403 272.2 3.5E+00 6.,0F-05
1.9 8.973E402 263.7 2«5E¢00 5.4E-05
2.0 7.807E+02 265.2 1.3E+00 4.9E-05
3.0 $.93%E402 254.7 1.2F+ 00 & 9E=-05
ka0 6,0815¢02 255.7 t.6E-01 4.9F-05
Se0 52313E402 24G.7 J.8E-01 %5.8E-05
6,0 #.627C+02 2u3.7 2.1E-~0% 6 +4F-0S
7.0 .016E402 237.7 B8.5E-02 7.TE-05
8,0 3.473E402 231.7 J.5E-N2 9.0F=-D5
9,0 2.992E+02 275.7 1.6E-02 1.26=08%
10.0 Z.568E402 219.7 7.5E-03 1.6E~ 2k
11.0 2,199€+02 219.2 6.9E-03 2.4E-04
2.0 1.8K7E¢02 214,.7 6.0E~03 2 .6F- 04
13,0 1.610€+02 218,2 1.8E~03 3,.0F-04&
1.0 1.370€402 217.7 1.0e=03 J.2F=0&
15.0 1.178€402 217.2 7+8E-D0 J4F-Dt
1.0 1.NAPF4ND (5.7 €. LF-Nlk X . RF= Nt
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1.91€417 &, 03E¢18
2.14E+LT 4.5T7ERLS
1.91E417 %.08C¢18

1.013E403 2364.0
9.020F+02 290.0
8.020E+02 285.0
7.1005+02 279.0
642080E+02 273.0
5.540E+02 267,0
4.870E402 261.0
L.260E¢02 255.0
3.720F+02 Z248.0
3.2L0E402 262.0
2.810E%02 23540
2.430E+02 229.0
24090E+(2 22240
L.790E#02 216.0
1:530E+02 216.0
i.300E402 216.0
1.150E402 21640
9.500F¢01 21640
B.120F¢0t 21640
6.950E#01 217,40
S.unlE+01 ZiB.0
S«100F+04 219,0
4.3707+G1 2200
3.760E¢01 222.0
3.220F¢01 223.0
2.TT0E40L 224 .0
1.320E401 234.0
6.520E400 245,0
3.330€¢00 258,10
1.7€0E+00 278.0
9.510E-01 276.0
6,710F=92 218,10
3.000E~0& 210.0

1.010E403 287.0
8.960E402 282.0
T,923E+02 276.0
7.000E¢02 271.0
6.160E*y2 266.0
S.410E+02 260

€. 730€+02 253.0
€ 130E+02 25%6.0
3.590F+02 239.0
3.107€+02 732.0
2.,677€402 225.0
2.300E+32 225.0
1.977E+02 22%.0
1.700€+402 225.0
1.460E+02 225.0
1.250E402 22%.0
+.ABDELN? POR.N

v10H4 19 -

16 4 10H
10 - 11

W10 5 -

2 410H

S.13E+23
5.23E¢23
S.68E423
5.35E423
5.38E%23
Se3uFe23

1.4 91
9.3F+00
5.9E+400
I,3E«00
1,9€+00
1,0E+00
€.1€-01
3.7¢=-01
2.1€E-01
1.26-01
6e4E-02
2.2F-02
6.0E-03
1.8€-03
1.06-03
7.6E-04
6 UE-Oh
S.6E-04
S.0F-04
4.9E- s
& o= 04
S.iE-04
S 1E-04
SelbE-08
6.0E-04
6.7E-04
J.6E-04
1.1E-04
&h,3E-05
1.9E-05
6.3E-16
1.4F-07
1.,0E-09

Q.1E+00D
6.0E+00
4,264 00
2.TF+ 00
1.TE+ Q0D

S0E+00
S.LE-01
2.,9E-01
1.3E-01
4.2E-02
1.5~ 02
Q,.4E-03
6,0E-D3
1.36-03
1.0E-03
7.6E- 04
f L UF-NL

¢ 55
1 G 56

'S S ALY 4

6 G &8
6 59
G A0
G 6i-

6.0E~CF
6.0E~05
6.0E=~0%
6.2E~0%
6oeE~Q5
6.6F~0%
6+9F~05
T.5€E-(C%
7.9E~05
8.6E~0%
9.0E~0%
L1e1Ewnt
1.2E-04
1e5E~-QL
1.RE~OU
1.9E-04
2.1E=-Gh
2e4¥E-04
2.8 E-04
3.2E-04
S E=0h
3.6E-04
3.6F-104%
2. HE-D8
3.,2E-04
3.0E=04
2.8E=-QL
9.2€E-05%
Le1E-05
1.3E-0%
ho3E-06
8.6F=0°
h.3E-11L

5.9F=05
5, 4E=05
5.6E~05
5.8E-05
6.0E~05
6.8E-05
7.1E-05
7.5E05
7.9F=R
1.1E-06
1.3€-04
1. 0F=Qn
2.1E-04
2.6E~Du
2.AE-0
3.2E-04
T.LFwily

T e
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MR i

1740
18.0
190
20.0
?21.0
22.0
?3.0
2440
25.0
30.0
5.0
u0.0
4%.0
50.0
70.0
100. 8

SUBARCTIC WINTER UuSe

0.0

T
MO OBNQNE Wy

IR
o0ocoosoco@cos

12.90
13.0
140
15.0
15.0
17.0
18.0
19,0
20,0
1.0
22,0
23.0
24eD
?5.0
30.0
35.0
40.0
4%.0
50. 90
70.0
100.0

A.610F401
Te350E404
6.280F401
5.370E401
4.SANE+01
3.910F«01
3.340F01
2.860E+01
2.430E4+0L
1.110F+01
5.180E+00D
2.530F +00
1.290E+0D
6.820F-01
L.670F-02
3.000€E~04

1.013E+03
B.878E+02
TT75E402
6.798E402
Se932E 402
Se158F ¢02
L UWSTE02
3.8%535+02
3.30RE 02
2.8729F+02
2.410F¢02
2.0r7Fe¢02
1.766F¢02
1.510E402
1.291F+02
1.103€+02
9.431Ee01
8.057E401
Ha8A2F 401
S«8375F 40t
S.014E4081
La2TTESDL
3.6L7F4D1
3.109E+01
2.543¥ 01
2.256€ 401
1.020F«01
L.701E+00
2.2L3F 400
1.113F 00
5.719F =01
4.016F-02
3.0n0F~04
RUPAL

v2001.91624

+3371.5373s

+5151.00816

«634 L70226
1.300 .?5959
Pe0(0 413121
24700 +07R35
3.392 09251
4.00C .090G)
5+500 +0h904
£.500 05488
8.200 01340
9.0C0 .0%719
.800 05774
t1.nnn .nwRQA7?

21H.7
215.7
215.2
215.2
?16.2
215.2
215.?
215.2
215.2
217. 4
277.8
267.2
258.5%
265.7
230.7
210.2

2571
25941
255.9
?%2.7
24T 7
240.9
234,11
227a.1%
?70.6
217.2
?217.2
217.2
217.7
217.?
21742
2t7.2
P16.6
216. %
215.4
?l4.8
215.1
213.6
21%.0
21244
21l.8
211.2
216.0
227242
234,7
24T a0
259.%
FUS.T
2i0.9

L502%4
. 09520
L06748
L0A179
L6247
+ 027TR3
. 06559
.01370
e 0l4nS
. 072455
L0335
L05110
« 07649
L05266
LNTART

Sehf-04
S« 0F=0k
4e9F-04
b.5F-04
Se1F-14
5.1F-04
S.4F=04
6.0E-04
6.7E- 04
3.6E-04
1.1F-04
Le3E-0%
1.9€-105
643F-06
14E-07
1.0€-049
STANDARD
1,2E+00
1.2E¢00
SW4E-014
6.8F=01
4,1E-01
2.0€=01
9.8F-02
Sv4E=-02
1.1E-02
&, 4F=N3
5.5€-03
T.RE-D3
2.6F-03
1.4F-03
1.0F-0%
T.6F-04
6. uE-Nk
S.6F-04
S.DE-NY
4.9E-N4
4.5E-04
S .1F-04
Y.1E-04
S.4E-04
5,0E-04
6,7€-04
3.6E-04
1,1€=04
4,3E-05
1.9€-05
6,3F~06
1,4F=D7
1,9F=09

«2501.855k56

«4001.316G6¢

«5%0 493072

+260 .51221
1.536 ,20%73
2,250 .11397
2,000 . 08330
3.500 ,0953¢
4,500 08011
6,000 ,05R7 0
7.200 (0521¢
8,500 ,03%19
9.280 ,(0%2A9
10.009 ,05722
11,500 ( NRRZ 3

JL.SE- 4
GalteNk
bo3f-04
L.5E=-QY4
4,.3E-0u
L.3F-04
3.9F=04
T.6E-0l
J.4E-04
1.9F-04
9.27r-0%
bettl-6%
1,37-05
4,3F=-0F
5 +hFE=N8
4,3F=-11

4.1F=-0%
4.17~95
bo1F=05
4,3F-05
H.56-08
4.7E-06
4 .9F=08%
T 1F=05
A.0E=N%
1.6€-04
2ohE-04
3.2F-04
4 3F-04
bo78-04
4.9€-04
5e6€-104
642F~01
675~ 04
He26=-084
6,0F-04
S.6F=04
Salf=04
8 TE~0Y
4. 3F=04
3.6E-04
I.2F~04
1.5E-0¢
9.2F-0%
H,1F=-0%
1.3E-05
&,3F=0¢
8 .pE-08
4.3F-11
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« 23176
83337
« 06923 =633
«06634% 1.0810
=-15907 1.400
02894 2.500
-03696 3.200
«01c%e3 3.759
«02219 S.000
.02923 6201
W71 7.900
«07937 84700
.08719 9.500
«05123 10.%91
.N13ae 12.50n0

9,2E0FeDt
7.980501
6.060E+01
5.R90E¢014
S5.070€+01
4.360€e01
3.750°+401
X.22rF¢d
2.730%74 01
1.380F401
6.610F¢00
3.400E+0N0
1,710E+00
9.870E-C1
7.070€~-02
3.000F-0%

1.013€+03
3.986F+02
T.950F+02
T7.012F+02
6.166F¢02
S,405€+02
&§.T22E¢02
L.111E+02
3.565F+02
3.0207+02
2,650F¢02
2.270F+02
1.940€6+02
1.654F+02
1.417F402
1.211E£402
1.035E¢02
8.A5(Qce¢ 01
7.565F%01
6. U67F+ I
S.529E+ 01
L.729E+ 0L
L.047E+D1
J.LETESDY
2.972¢ 401
2.549€4+01
1.197E+01
S.796E+00Q
2.R78F+00D0
1.,491E400
T7.9786-01
5.529€-02
3.008E-NY

2¢5.0
2?2540
225.0
225.0
225.0
?225.0
22540
22h.10
22%,0
?35.0
247 .0
26240
27440
277.0
21640
21040

ZaR .1
2816
2751
2r%.7
26242
2E5.7
249,2
242.7
23642
229.7
223.?
21648
216.6
216,.6
2166
?16.6
21h.6
216.6
216.86
216.6
216.6
217.6
218,6
213.6
220.6
221.6
22h.5
236.5
253 .4
26U4a2
270.6
219.7
210.0

+3001.€7281
«4894.06205

«73000
+ 38024
+ 15351
« 10154
« 09333
- 09394
«07¢72
. 05€96
« 03070
» 05407
« 05477
« 05749
- NsT7N

5.6FE-04
S 0F=-04
La3F-04
45504
51604
Sy1E-0n
S4E-~04
6. NE~04
b JTE=04
3.6E=04
1.1E~04
4.3E-05
1,9€-05
6.3E-06
1.4F~07
1.0E-093

5.3E400
u.?E+00
2.9E+00
1.AF+00
1.1E+00
6.uF=-01
3.3E-01
2.1€-G3
1.26-01%
4o6F-02
1.9E-02
8.,2E-03
1.7€-03
1.36-03
RaF=04
T2E=04
6.1F-04
5.26-04
L.ob =0k
b.E-O4
4 L4E=-004
4eBF-00
5.2F-04
SJ7E-0u
Es1E-08
€.6F-04
3. 3E-04
1.6E-D4
6.7E~-05
3.26-15
12665
1,56-07
1,38~-09

+13351
-07050
.06159
06779
« 04432
.02933
02066
.01357
«0203%
«03113
03904
« 07125
€354
«04301
.NIPRG

T.9E~-04
et E=0t
Lalf-08
3.9FE-(L
3apE-08
3.0 -08
3.0F-0g
Z«RE-0U
2.6E-0L
1.4F=04
9.2F-0%
G LE~-0H
1.3F--(%
b.3F-06
BahF=0F
G.3E-114

54F=-0%
S.4E-0%
SetE-0%
5.,0€E-0%
$.6¥-0%
4.6E-0°%
4o5F-0%
®.9F-0%
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Appendix B

Extinction Coefficient Charts for Selected Laser Frequencies

Extinction Coefficients are provided for a selected list of the laser emigsion
frequencies identified in Tablc 7. Results are provided for six geographical
models and two aerosol models. The total extinrtion coefficient (y) for a given
atmospheric laver is determined by summing the four quantities km’ O ka and
o, as indicated in Eq. (1) of this report. The units of all quantities are km™1.
Therefore, the total transmission for a horizontal path is obtained by application
of Eq. (6) to the total extinction coefficient as obtained from the chart. For sea

level conditions, if the Rural aerosol model is not appropriate to a specific appli-

cafion, results are provided at the bottom of each chart for three additional

boundary layer aerosol rmodels. However, it should be noted that results are not
provided for the ''Clear" (50 ki Met, Range) Urban model as the model is simply
not applicable to very clear situations. Similarly, results are not provided for

the "Hazy" (5 km Met. Range) Tropospheric model as this model is not to be used

under limited visibility conditions. It is suggested tha. linear interpolation be used

to obtain extinction coefficients for Meteorological Ranges between 5 and 50 km.
For vertical or slaut atmospheric paths, extinction coefficients can be ob-
tained by summaiion of extinction coefficients in appropriate columns, excluding
the first row of the chart. All values are provided in the unit, km>1, and entires
are made for each 1-km interval from the surface to 25-km altitude, thus reducing

the problem to this simple summation. For altitudes above 25 km, it is necessary
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to multiply the values read from the chart by the height increment corresponding
to the layer. For slant path calculations, the total extinction value for the verti-
cal path must be multiplied by the secant of the zenith angle before application of
Eq. (7).

T =exp |-sec Z f(j ")
i
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ENVIRONMENTAL RESEARCH PAPLERS, NO, 622
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Atmospheric Transmission of Laser Radiation:
Computer Code LASER

R.A. McClatchey
A.F. D'Agati

Errata

Insert the following on page 111:

Figures C1 and C2 are based on the U,S, STANDARD
ATMOSPHERE, 1962 model shown on page 31,

AIR FORCE GEOPHYSICS LABORATORY
AIR FORCE SYSTEMS COMMAND
UNITED STATES AIR FORCE

HANSCOM AFB, MASSACHUSETTS 01731

o ¥




Appendix C

Cdlculated Transmission Spectra for 10-km Horizontal Paths

ot Sea Level and 12-km Altitude

Table C1 defines the spectral plois provided. Note that two have been
omitted: IFigurce Clk because it is completely opaque over the entire spectral
range and Figure C2c¢ because it is completely transparent over the entire spec-

tral range.

111




Table C1. Spectral Plots Contained in Fipgures C1 and €2

114

Fipure Speciral Range Mipure spectral Range
No. (em™ %) No. {em-1y
Cla 740-800 C2a 740-800
Cib g00-860 C2h 800-8G0
Cle 866G-020 Cle 860-020  transparent
Cld 4920-980 c2d 020-080
Cle 980-1040 C2¢ 980-1040
1y 1040-1100 Caf 1040-1100
Clg 1100~1160 C2g 1100-1160
C1ih 1160-1220 C2h 11650-1220
Cli 1220-1280 Czi 1220-1280
Clj 1280~1340 2 1280-1340
Cik 1340 -1400 opaquc C2k 1340-3400
Cii 1880~1940 2y 1880-19040
Clim 1940~2000 C2m 1040-2000
Cln 2000-2060 C2n 2000-2060
Clo 2060~2120 Cra 2060-2120
Clp 2120-2180 C2p 2120-2180
Clq 2360~2420 Cilq 2360-2420
Cilr 2420~2486 C2r 2420-2480
Cls 2480-2540 (Zs 2480-2540
C1t 2640-2600 24 2540-2600
Clu 2600-2660 C2u 2600-2660
Cilv 2660-2720 C2v 2660-2720
Clw 2720-2780 C2w 2720-2780
Clx 2780-2840 C2x 2780-2840
Cly 2840-2900 C2y 2840-2900
Clz 2800-2960 C2z 2600-29060
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